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The wvirus dlseases of plants constitute one of the grest

grouss of plant afflictions standlang distinctly savart fron

in which & visitle naresite ig the casuval azent. The virus
troubles with thelr veried symotomeltology have one feature in

common which i1s that thﬁy‘ﬁay be tranzmitted from diseased to

the exszct natures of

o
-

healthy plants by an infectious prineinl

LY

which is unknovn.

These trouvbleg mgree with the naresitic discases due Lo
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are the most important agents in the Ltransmi
from one plant to snother.
The first virus disease to be given definite recognition,

tobacao mosgic, was reported in 1886. It wes first observed by

Swieten in 1857, and was described by the ferman, Mayer, in 1886,
who gave it the nene osaikkrankheit.” However, it was proven

to be transnissible from diseased to heslthy plants by Twenowskl

in 1892, RBeijerinck in 1898 demonstrabted the Tilteratle character
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of viruses., Tekandl in 1901 dencnstrated

of virus discases. Most of the early research in plant wviruses

was done with the tobacco mossic virus. From first »reof of
the mesalic of tobacco as an infectious disease({1888-1892), our

knowledge of this group of diseases mude slow nrogress until

5

very recent yesars, when snumerous diseascs of the virus
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have been described as affecting both wild and cultiveted nlants.

of the most importent schievements of modern phytonatholozy.

transmitted in different ways in nature or artificislly. 4
virus may be comaunicated in one or more of the following ways:

l. #Hrapemitted by budding and grafiting.

2« By a specific insect or zeveral specific insects.

#

3. San-incculstion, viz., by the Jjulce of a diseased

plant.

3 <3 v 5 g i o ——— o 4 3 b o - X o %
Le ESeed-transmission, viz., psrpetuated by the sesd

from infected sarsnts.

5. lon-specifice insect transmissiong, vig., ne bio~-.

logiec relstion

6. Vegetative pro:

70 E}ﬁll trensy ilf}rﬁlﬁﬂo



w5 been yery little or no record or deserintion. 41so, some

range, separation and anslyseis of & mosale virus complex from
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dum powder was occcasionally smployed to feoilitate ssn~trens-

migsion. These infection experiments lnvolved ecarrying the

viruses to certain menmberg of B

tacese, and Crudiferse.



1. Poteto Aucubs Fosaic Wirus
Marmor sucuba Holme

The disgease caused by this virus is generally distributed
throughout Horth America, Eurcpe, and Great Britsine. It is of
comparatively low incidence in both this country and sbroad,

veing encountered only in occcasional plantings.

(=5

The virus occurs in nature in notatces, andl its host ranpe

©

is confined lergely to Solanacesc. The virus, like other potato

t is interesting to note

$eada

borne. Horeover
that Blee{ld) states that the virus can be borne in the true
sead frow dizeased potato plants.

-

Petato aveuba mosalic virus is easily san-transmissible

"

Trom potate to potato and to certaein other solagaceous plants.

There erve posolibly three different straine of the wvirusy Ssith(2

recornized this relationshipn but classified sach strain as a

potato was an atypical Form of notato aucuba soesaic. Heverthe-
less, potatc aucuba mosaic 1s wesually a clean-cut highly indivi-
dualistic virus in its host reactions snd aberrant strains are

U OOIRION «

"l

My study of the virus conslisted of sap-inocculation experi-

Cﬁ

ments on various vlants, with the followinz resulis.

l £:e4

golapun tuberosws L. Irish Potato. A& systemie brillient
t

vellow mottle developes in the leaves of this plant. The
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become more or less necrotic. The planits lose vitallty

consequent reduction in yield.

These white velnal linss are scesitered st rendom throughout

< PO - o £ g it e v e T PR - s 7Y K E g M
nearly nasked; azein, they are quite nroncunced. The infection

ril
Petunia hybrida Vilm. Gerden Petunia. The potate sucube

) I T e 3 -4 - 4 s 7
gymptoms in this plant,

althoush the infeciion iz systemic. However, a few white irr-

virus phenomensa known is the readion of »epners to notato

ycuba mosalic. In seven days black neerctic aress appesy on



tem andé leaves,; partisularly at the base of the leaves
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and on the »etioles at the noin

The virus oproceeds directly towa

fu

ten to fourteen daye all of the leaves fgll off the nlant.

Viens sineasis(zﬁ} Endl., the comton cowpee, was not found

to be susceptible to infection with notatc sucubs mosaic., The

sane can be ssid for French beans, Pheseolus yulgeris L.

Yrassica clersces L. Cabizge. I was unable 1o nroduce

infection with the virus in this plant.



Potato Aucuba Mosgaic Virus

Explanations to Plate 1
Left: potato aucuba mosale virus in pepper. Note
the blackened, necrotic, naked stems. The plant
1g dead, fcllowing a 10-day infection. Right: =
healthy pepper plant.
Potato aucuba mosaic virus in Nicotiana glutinosa L.



Plate I




IT. Toracco Mosasice Vir
Harmor tabacl ver., vulgere Holmes

The occurraence of tobacco mesalce virus iz world-vwide. It

Ho

is found wherever tobacco and tomsto nlants are growr The

¥ in gresnhouses amonsg

incidence of the virus is high, especially
tobacco plents end tomato plants. It ig found to occur rather

frecuently in peltunias.
Due to its extremely infecti

and power of resistance, wide distribubtion, and

ghall pot underiaire an extengive liter &ﬁure raview,
The virus is gecond to nope in its high degres of infectiv~

ity. Tobscco wosalce virue is sap-transmissible even by the

slightest touch or bresking of z single trichomes. The virus

hag been found not 1o be seed-trasmissible, although there hss
been much disquisition regavdéing this subject. Cratis sad

$#anil{ll) claim that the virus is shsent from nollen zraims
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and anthers; $hey also contend thatl the virus

the ovaries or other floral organs of the hosts. Enith{29)
says that the virus is present in the rine fruite of tomate
nlants and may contaminste the goed coat end in this way infec-

tion can arise from the seed, Han iz the



agent through smoking tobacco and chewlng tobacco. Insects are
able to transmit the wvirus only mechanically, i.c. there is no
bilogical relationship between insect and virus. The virus
frequently has the incidence of 100 per cent in greenhouse
tomato cultivation due to hand transplanting, pruning, tying,
and the use of electric pollinators which sgpread the disease
from one diseased plant to all cthers.

There are innumerable strains o tobacco mosaic virus, from
very mild strains to very severe, with many strains of inter-
mediate degrees of virulence. Also, there are several color
streins of the virus. Holmes(l3) has succeeded in producing
& magked strain of tobacco mosaic by means of heat attenuation
of a distorting strain of the tyre virus., With this masked
strain, he has succeeded in producing irmunity in tobacco and
tomato plants egeinst any other stmin of the virus., I carried
on similar experiments wherein I produced several attenusted
strains from the tyve virus, However, none cof these strains
were attentuated sufficiently to produce masked infection in
tobacco plants, and therefore were of no value for immuniging
plants against other strains.

I transmitted tobacco mosaic virus to several species of

plants with the following results.

SCLANACEAE
Lycopersicon esculentum !ill, Tomeato. In tomatoes the

virus causes an irreguler yellow mottle and considerdle distor-

tion in the leeves. Distortion is very noticeable in the



younger leaves. The plants do not become stunted and the loss
in yield is not reedily apparent. According to the calculations
of Heuberger and Nortcn(l2), tobacco mosaic reduces the yield
of tomato plants B per cent.

Nicotiana tabacum L. Tobacco var. Turkish. The symptoms

of the virus first appear ian the young leaves formed subksequent
to the inoculated leaves. The symtons beginlin the young leaves
as a vein~-clearing which quickly differentiates into a mottle
with raised green arees., The young leaves become badly puckered
and assume a blistery appearance; as the leaves mature a typical
mosaic pattern develops. In many cases, the nlants are stunted.

Nicotiana glutincsa L. The well known characteristic of

totacco mosaic virus in this plant is the development of round
local necrotic lesions on the inoculatesd leaves within a perbd
of two to four days. There is no systemic spread of the virus
and the localized infection in the inoculated leaves is soon
followed by abscission and complete recovery.

Capsicum annuum L. Bell Peprer var. Windsor A. In these

plants, tobacco mosaic virus produces local necrotic lesions
in a few days. In this variety, the virus shows a slight
tendency to spread from the inoculated leaves. However, the
plants soon recover completely from the infection following
abscission of the infected leaves. Holmes(1lh) states, in re-
gard to tobacco mosaic, that some varieties of pepper have a
tendency toward systemic necrosis and death, while others
localize the virus and recover, still others show a systemic

chlorosis, and others a delayed necrosis and finally escape
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from systemic spreasd, although the genes for eny of these re-
sponses are not entirely constant for any one varietye.

Dature stramonium L. Jimscon Weed., end Sclanum melongensa

L. Egg Plant. In these two species, the virus produces round
necrotic lesicns which have some tendency to spread tc the new
leaves. ©Soon the virus ceases its acticn towerd systemic spread
eand this is followed by sbscission end complete recovery. Accord-
ing to Smith(29), the ordinary European strain of tolacco mosaic
virus is much more severe and frequently kills Datura plants
and also egez plants,

Petunia hybrids Vilm. Cerden Petunia. In petuniss, the

virug causes a pronouved mottling and puckering of the leaves.
The picture is cone of raised green areas ageinst a background

of yellow, The mergins of the leasves usually turn upward.



III. Tomato Streak Virus or Single-Virus
Streak Strain of Tobecco Mosaice Virus
Marnmor tabacl var. canadenss Holmes

S0 far as I cen dstermine from the avellable literature,
the tomato streak virus, which Holmez(15) cells a single-virus
streak strein of the tobacco mosaic virus, has not been pre-
viously observed in the United States. I observed the stresk
condition on tometo plants in the experimentsl greenhouse of
Cklahome A. & . College in the spring of 1940, and by infection
exreriments 1dentified it as single-virus streak. Though appa-
rently not recorded before 1940 in the United States, the viruses
erc nevertheless of common ococurrences in the commerciml tomato
crops in the British Isles and Canada.

Jeveral strains of the virus have been recorded. Berkeley
(1), working in Canade, has obtained what he calls an Ontario
strain of the virus, which he asserts like the type virus is
merely another stresin of tobacco mosaic virus. Smith(28) hes
isolated 2 yellow strain of tamato strezk virus which he found
concurrent with the ordinery streak strain in tometo plants,

The yellow strain was 1solated by coninuous subculturing.
Newton and Zdwards(24) speak of three serologlcally identical
straine of the virus which were distinguishable by host resctions.

In the identificatlion of the tomato streak virus, it is
important to consider that other viruses can produce "streak"
symptoms in tomato plants., For exsmple, Smith(29) and elso
Jones and Burnett(l7) indicate that the X virus of potato eszoc-
jated with ordinary tobacco moseic virus 1s responsible for the
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mstreak" tomato dlsease commonly occurring in America. Yore-
over, Newton and Rdwards(23) have illustrated that a certain
strain of the X virus alcne has been the cause of a "streak"
disease of tomatces in Victoria. My methods of differentiat-
ing the single~virus stresk strein of tctacco mossic from

these other possitilities are ae follows,

SOLANACEAE

Lycopersicon esculentum Mill., Tomato. The virus sarts

by producing amottle on the leaves quite like the symptoms

of ordinary tobacco mosaic, The subsequent necptic patches
and spots in the leaves, and the durk longitudinal necrotic
lesions or streaks on the stem and petioles, did not appear

in the greenhouse until early spring during the month of April
when the plants were ripening their first fruits. The disease
is & very serious one and sometims kills the plants., Brown
areas appear in the pith end cortex, and the shrivelled leaves
give the plants a wilted appearance,

Nicotiana tabacum L. Tobaceo var. furkish. On this var-

iety, the virus produces mottling and distortion symptoms only.
Snith(28) says that on tobacco var. White Burley the virus

may produce either mottling or necrosis which may be localized
or systemic, Holmes(l5) reports that the virus causes chlorotic
systemic mottling in some varieties of tobacco, and, in others,
such as Adcock, necrotic primary lesions with or without sub=-
sequent systemic necrosis.

Hicotiana glutinosa L. The virus produces numerous large

localized necrotic lesions in thie plent. If the tomato streak
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symptomes had been due to & complex of two viruses, the X virus
in association with ordinary tobecco mosaic, the X wvirus would
have likely btecome systemie Iin N. glutinosa and remained in
this plant efter abscission and recovery from the tobacco
mosaic virus, EHowever, such was not the case, becauss sub-
inoculetions were made from the recovered N. glutinosa plants
to Datura stramonium L., testing thus for the presence of the
X virus which may be masked in N. glutinosa. The Datura plants
did not show infection, indicating that the streak symptoums on

the tomato plants were due to the single-virus streak strain of

tobacco mossic,
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IV. Potato X Virus
Marpor dubium var., vulgare Holmes

The virus is almost universally present in the commercial
potato stocks of Ameriece, However, according to Smith(29),
the virus is much less prevalent in Burope. Fotato X virus
oceurs throughout the world, asnd in sone countries is so wide-
apreed that no plant of estaeblished commercial poteto varieties
has been found free of it. In some parts of the United States,
it is so cormon and innocuous that it i1s known as the "healthy-
potato virus" or"latent virus."

Although the tyricel strein of the potato X virus is ubi-
quitously masked in prectically all of the commercial potato
varieties of this country, it forms a basis for nost of the
severe potato mosalc diseases. The virus is carried over in
the tubers, but is not transmitted in the true seced, The X
virus is easlly transmitted by sap-inoculation, and is second
only to the tobacco rmoseic virus in its high degree of infect-
ivity. No insect vector is known, although thrips have been
suspected, Smith(29) has found sap-sucking insect fesuna incapable
of trenemitting the virus, However, using severasl species of
thrips, through 100 transmission tests, he obtained five positive
infections. Loughnane and Murphy(19) failed to find an insect
vector, but demonstrated very siznificently that the virus is
transmitted from plant to plant by leaf contect, especially
that brought about by air currents.

The X virus of potato exists in a number of closely allied
strains, It has been demonstrated by Salaman(28) through sero-



Tomato Streask Virus or Single-Virus
Streak Strain of The Tobacco Mosaic Virus
Explanation to Plate II
Tomato streak virus in tomato. Note the mottle, dis-
tortion, and necrotic areas in the leaflets., UNote,

also, the dark longitudinal necrotic lesion on the

gtem,
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large brilliant yellow areas predominate which become fainter
as the leaves appreach normal size.

Capsicum annuum L. Bell Pepper. This plant is sglso an

excellent indicator for the X virus. I witnessed two types
of reactions in pepper plants. In the majority of cases,. the
virus produces systemic chlorosis accompanied by dark scatter-
ed necrotic lesions throughout the leaves of the plants., On
the other hand, in a few cases, the virus produced only system=-
ic chlorosis in the plants. This systemic mottling was accon-
panied by severe leafl distortion and consequent dwarfing of the
plants. 7The respective types of reactions seem to te controlled
largely by the varieties of peppers used. However, no one
variety exhivits absolute constancy in reacting to the virus.
By subinoculations to Datura plants for indicatoers, I
found that this strain of the X virus produces symptomless in-
fections in the following plants:

Solanum tuberosum L. Irish Potato

Lycopersicon esculentum Mill., Tomato

Petunia hybrida Vilm. GCarden Petunia

Hicotiana tabacum L. Tobacco var. Turkish

Hicotiana glutinosa L.




B.

A,

Potato X Virus

Explanations to Plate III
The X virus in jimson weed. Note the mild mottling
produced in the leaves.
The X virus in pepper. Note the mottling and dis-
tortion accompanied by some necrosis, and the

tendency toward absclesion of the leaves.

Explanations to Plate IV
Leaf-print from leaf of healthy jimson weed.
Leaf-print from leaf of jimson weed infected with

the X virus.



Plate III
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The Botato crinkle-nosaic disecase occurs in the United
Etates, England, snd Holland. It is less common than its
sister dicsease, rugose mosgic,.
The pctato crinkle-umosal« rus conmslex is san-transmissibvls
from potato to potalto snd te certain other solanacecus hosts,

The virus complex is sap-transmissikle te potate only with

notato, but even in this case the perecen

low. The couplex is best transmitted by grefting methods.

The potato crinkle-mossic virus complex is composed of two
viruses in combination producing characteristic symptoms ir
its natural host, the potato, and in cerizin other sclanacecus
nlants. The viruses constituting the complex are the X virus

22

(Marmor dubium var. vulgere Holmes) and the & virus{Mermor

)

sclanl Holmes). The & virus, though omninresent in many come
mercigl potato varieties, is not theught do be insect borns,
but the A virus has been found to be transmitted by certasin

insects of the &phididae, such ag Aphis rhemnl Boyer in Horth
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other potato virus disecases 1ls carried over in the tubers. Also,

Dykstra(s) indicates that cepain weed hosts such as Solanum 59p.

and Physalis sppe.
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insect vectors. It is interesting to note that Johnson(l6)

in 1929 assumed that crinkle mosaic and rugzose mosaic were
disecases due to single viruses, although he fully realized
that these diseasses were definitely assclated with the latent
X virus in potatoes. But it is an important fact that potatoes
have been known to contract as many as three or even four
viruses in natural sequence,

In the past it has teen almost impracticable to distin-
guish crinkle mosaic from rugose mosaic on the basis of host
reactions. Crinkle mosaic consists of the X virus coupled
with the A virus. Rugose mosaic is composed of the X virus
in combinstion with the Y virus(Marmor cucumeris var, upsilon

Holmes). The two diseases are certainly closely related
symptomatologically because the A virus and the Y virus be-
long, according to host reasctions, in a group of similar Y-
type or veinkanding viruses(Smith 29). Murphy and Loughnane
(22) suggest that the viruses A and Y are probatly identical.
However, the fact that there is no immunological relationship
between the viruses A and Y seems to be sufficient justifica-
tion for considering them as independent entities(Smith 29).
Chester(2) has shown that the two viruses are serologically
unrelated, because the A virus, which he refers to as the
potato mild mosaic virue, gives no crossc-precipitin tests with
the Y virus or the cucumber mosaic virus, and therefore does
not antigenically belong in the veinbtanding group of viruses.
Also by serological methods, Chester(2) has found that the Y

virus is definitely related to the cucumber mosaic wvirus and
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has placed btoth in the beinbanding group of viruses., Concord-
antly, Holmes(1l5) considers the Y virus to be & strain of the
cucunber mosaic virus in his classification and nomenclature:

Cuc. Mos. Virﬁs, Marmor cucumeris var. vulgare Holmes

Y virus, Marmor cucumeris var. upsilon Holmes,

Moreover, in Holmes' classification, the A virus is an entirely
different species:

"A" virus, Marmor solani Holmes,

Johnson(16) says that crinkle mosaic might easily pass for
rugose nosalc, and suggests that in order to eliminate confus-
ion, distinctions should be made on bases other than symptoma-
tology. Nevertheless, a number of authorities such as McKay
and Dykstra(2l) and Smith(29) assert that the symptoms of
crinkle mosaic on potato are guite characteristic and easily
distinguishable from the disease known s rugose mosaic., But
here again doubt arises because much derends on the variety
of potato involved., Also, the difficulty is increased by the
fact that there are different forms of crinkle moseic due to
different strains of the X virus and the A virus making up the
complex, and different forms of rugose mosaic due to different
strains of the X virus and Y virus in association({Dykstra 7).
Therefore it is not the best practice to attemnpt to diagnose
any virus disease or virus by its reaction or symptoms on one
host if it is possible to transfer the infection to several
hqats, giving special attention to the reaction on each plant
and to the host range.

Practically all of the Solanum viruses, due to the general

occurrence of the X virus, are composite in nature, but in the
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case of the crinkle mosaic virus complex, the presence of the
X virus seems actually to revolutionize the effects of the A
virus, and vice versa. I have carried the crinkle complex to
a number of different host plants meking detailed study of the
respective host reactions, Also, I have separated the consti-
tuent viruses of the complex by means of the X-virus immune

clone, Potato 41956, and Datura stramonium L., ané have studied

each virus independently. ZFuthermore, I have zdded one virus
to the other in delayed sequence in various hosts, thereby
synthesizing the crinkle-mosaic virus complex in its original
form. The following topics relate the course and results of
this work.

A. Diffemmtial Host Reactions of The
Crinkle-Mosaic Virus Complex

SOLANACEAR

Solanum tuberosum L. Irish Potato. The most character=-

istic symptom of crinkle mosaic in potato is a pronounced
puckering and downward curling of the leaves. There is no
distinct spoting or necrosis, or leaf-drop as sometimes occur
in the case of rugose mosaic, but diffuses, slightly yellowish
areas appear all over the foliage. The disease is a mild one
and does not do the plants serious damage; there is no tlighted
appearance atout the plants as in the case of rugose mosaice.
Another strong point in differentiating crinkle mosaic from
rugose mosaic is that ainkle mosaic is sap-transmissitble from
potato to potato with great difficulty, even when an ebrasive
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such as carborundum dust is employed in the process. This
contrasts sharply with the high infectivity of rugose mosaic
when sep-inoculated to potato(McKay and Dykstra 21).

Nicotiana glutinosa L. The crinkle-mosaic virus complex

exhibits very unique symptoms in this host. In seven days a
brilliant vein-clearing appears in the leaves, accompanied by
marked crinkling. Quickly following is a severe veinal mosaic
turning into myriad irregular smell semi-necrotic yellow spots.
There is a pronounced downward curling of the leaves. Next,
necrosis sets in at the tips of the leaves proceeding back to-
ward the petioles. This progressive necrosis eventually con-
sumes the entire leaf, The virus complex keeps migrating upwards
into the new leaves, producing semi-necrotic yellow spots in
only three or four days. One by one, the leaves are destroyed
by necrosis, their crinkled, brown, dried remains persisting
attached to the stalk. Only the uppermost leaves remain alive,
dying as new ones are formed, With the continuous column of
crisped dead leaves hanging on the stalk below a parasol-like
aggregation of young leaves at the summit, the plants have a
wretched appearance but survive indefinitely.

Nicotiana tabacum L. Tobacco var. Turkish. At first the

virus complex causes & bright-vein-clearing and a ecrinkled
eppearance in the leaves of young prlants., This vein-clearing
quidly becomes a mild ring-spot type of necrosis. The ring-
spot soon becames & ring-chlorosis, a mottle, then a milad
mosaic, and eventually becaomes entirely masked as the plant
approaches maturity.

Lycoperiscon esculentum Mill. Tomato. Ten days after
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inoculation, the plants develop a severe yellow mosaic. This
symptom confines itself largely to the lower leaves and per-
sists without doing the plant any great amount of injury. The
affected leaves have a characteristic droopinge.

Petunia hybrida Vilm. Garden Petunia., From three to five

weeks after inoculation, vein-clearing appears in the new
leaves. This symptom gradually differentiates into a striking,
yellow, veinal mosaic. The virus complex causes no necrosis,
In contrast with this, the rugose mosaic complex does frequent-
ly produce necrosis in petunias(Dykstra 6). The crinkle-mosaic
virus complex causes no leaf distortion in this species, In
petunias the countenance efforded by the virus complex is &
characteristic golden mosaic which is almest beautiful to the
eye. There is no flower symptom; the plants tloom freely and
normally.

Cepsicum annuum L. Bell Pepper. Peppers, when inoculated

with the crinkle-mosaic virus complex, contract only one of the
constituents of the mixture, the X virus, The A virus is fil-
tered out, and composite virus symptoms ca&n not be recovered
when subinoculations are made from the peppers to tobacco

plants, petunias, or Nicotiana glutincsa L. Only the X virus

is recovered in these plants. The symptoms on peppers are the
typicel X virus symptoms, with systemic chlorosis of the
leaves interspersed with many small necrotic spots. The fact
that only the X virus can be recovered from peppers inoculated
with the crinkle mosaic complex(X and A viruses in association)
is an important point, Peppers thus eliminate the A virus, and
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in not being susceptible to infection with the A virus establish
a streng point of contrast of corinkle mosaic with rugose mosaic.
The rugose mosaic complex(X and Y viruses in association) is
theoretically transmissible to peppers as a unit, because
Dykstra(7) asserts that the Y virus is definitely sap-trans-
missible to peppers, causing a banding of the veins, which
changes to a mottling.

Datura stramonium L. Jimson Weed. Here agin we have a

species which contracts only the X virus from the crinkle
complex., Typical mottling X virus symptoms result on inocul-
ation to this plant. Nothing but the X virus cen be recovered
when subinoculations are made to other hosts. According to

Smith(29), Datura stramonium is, by sap-inoculation methods,

immune from the A virus of the crinkle complex, and, also,
immune from the Y virus of the rugose mosalc complex.

Solanum melongena L. Egg FPlant. The erinkle virus com-

plex, or either of its constituent viruses, did not attack

this plant,

LEGUMINOSAE
Vigna sinensis(L.) Endl. Cowpea. Using several varieties

of cowpeas and carborundum dust to facilitate inocuktion I

was unable to induce any infection with the ecrinkle virus complex,
Neither the X virus component not the A virus component

would produce infection in these plant. Using cowpeas

var. Black Eye, I made particular efforts to promote an

infection with the complex, but found my efforts of no

aveil. Should the complex have been rugose mosaic, some in-



fections would have been expected from the Y virus. Chester(2)
describes the Y virus es veing definitely capable of producing
red local necrotic lesions on cowpea var. Black Eye.

Phaseolus vulgeris L. French Beene The crinkle virus

complex, or either of its virus components, produced no in-

fection in these plante.

CHUCIFERAE
Brassica oleracea L. Cabbage. The complex, or either of

its components, éid not infect this species.

B. ©Separation and Analysis of The
Crinkle-iosaic Virus Complex

Transfers of the composite virus werc made to Potato 41956,
the L-virus lmmune variy developed by the United States Depart-
ment of Agriculture. It is important to use cazrborundum dust
to facilitate the sesp~inoculations. Potato 41956 eliminates
the X virus from the complex, carrying the A virus in & nmasked
condition. It wes my experience to find no difficulty in
sap-transmission of the A virus to Potato 41956. The detec-
tion of the presence of the A virus will be discussed among
the next few topics, Simultaneously, transfers of the composite

virus were made to Datura stramoniwm L., an A virus immune plant,

' Datura stremonium took the X virue readily, and eliminated the

A virus. Potato 41956 and Datura were shown to have divided
the complex by testing them for the ainkle complex with certain
differential hosts mentioned in the preceding topic. Thus we
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have the X virus in Datura end the A virus in Potato 41956.
THE A& VIRUS CCIPOMENT. This component 1s a mild strain
of the A virus, and when not coupled with the X virus is appar-
ently powerless to produce syaptoms in any tested host. This
strain of the A virus produces masked infections in Potato 41956
and in the following plants:
Hicotiasng tebacum L. Tobacco var. Turkish

Kicotiane glutincss L.
Petunia hybrida Vilm, Cerden Petunia

Lycopersicon esculentum Mill, Tomato.

It is interesting to note that the ordinary strains of the A
and Y viruses will produce vein-banding syuptoms in the above
plants(Smith 29 and Dykstra 7), and in this respect are very
gimiler, However, the only convenient way to detect the

maked presence of this strein of the A virus in these plants

is to add the X virus to it, the X virus elso being a masked-
symptom strain in the above plents when carried alone. More-
over, by re-comtining the X virus with the A virus in the atove
plants, striking, cheracteristic symptoms of theoriginel crinkle-
mosaic virus complex can be cbtained, These symptoms have al-
ready been descrited. The A virus is sap-transmissible with
difficulty to commercial potato varieties. I was not able to

transmit the virus to Capsicum ennuum L., bell pepper, by sap-

inoculation methods. In this respect, the A virus differs
markedly from the Y virus which is sap-trensmissible to peppers
(Dykstra 7).

THE X VIRUS COMPONENT. The symptoms on Datura stramoniug L.
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are quite charascteristic of the X virus., Here there is the
typicel pepper-and-salt mottle becoming more pronounced in

the upper leaves, On Cepsicum annuum L., the reaction in the

plant is also characteristic of the X virus, Systemic chloro-
sis interspersed with small necrotic lesions appears on the
leaves of this plant. This strain of the X virus produces
masked infections in the following hosts:
Hicotiana tabacum L. Tobacco var. Turkish
Nicotiana glutincsa L.

Lycopersicon esculentum Mill, Tomato

Petunias hybride Vilm. GCarden Petunia.

Ce The A Virus Component of Crinkle losaic
versus The Y Virus Component of Rugose lMosalc

At this point it is well to summarize the information
leading to the identification of the virue as the A virus
component of crinkle mosaic rather than the Y virus component
of rugose mosaic, (1) The A virus is sep-transmissidble only
with difficulty to commerciasl varieties of potatoes, the per-
centage of infections being low., Quite in contrast, the Y
virus is readily and efficiently ssp-transmissible to commer-
cial potato varieties, causing rugose mosaic due to the ubi-
quitous nature of the X virus(Dykstra 7). (2) The A virus
in association with the X virus in potatces{erinkle mosaic)
produces a mild mosaic with slight downward curling of the
leaves. There is no necrosis or dronning of the leaves and

the plants are not badly harmed by the infection. By way of
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contrast, when the Y virus is in association with the X virus
(rugose mosaic), very severe symptoms frequently result in
potatoes. The gymoms consist of a distincet mossic in the
leaves, and the leaves become ruffled, %“ecrosis sets in along
the veins enlarging into prominent necrotic areas; eventually
the lower leaves die and fall(McKay and Dykstra 21). (3) I

was unable to infect Capsicum annuum L. with the A virus., 1In

contrast, the Y virus is sap-inoculable to peppers producing

a banding of the veins which changes to & mottling(Dykstra 7).
(4) The A virus and the Y virus have a characteristic in common
in that neither can be transmitted by mechanical inoculation to
Datura stramonium L. (5) Although I made numsrous attemps,

using sap-inoculation methods facilitated by carborundum powder,
I was not able to induce any type of infection with the A virus

in the species, Vigna sinensis(L.) Endl., cowpea var. Black

Eye. I repeated this inoculation using several other varieties
of cowpeas, with no results. In contrast, the Y virus follow-
ing sap-inoculation produces pronounced red necrotic lesions

on the leaves of cowpeas var, Black Eye. (Chester 2).

D. Synthesis of The Crinkle-Mosaic Virus Complex
l. Synthesis in ﬁicotiana glutinosa L.

ADDING THE X VIRUS TO THE A VIRUS. I selected five healthy
young He. glutincosa plants for this part of the expﬁriment. Each
virug by itself is masked in this species. Several N. gluti-
nosa plants carrying the X virus and the A virus separately

were set aside as controls. Transfers of the A virus were made
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fron five respective Potato 41956 plants to the five selected
heelthy young H. glutinosa plants., Four weeks later, the X

virus from Deture stramonium L. was added to these same plants.

Typicel crinkle-mosaic virus complex symptoms eppecred in one
of the plants in three weeks; in seven weeks two more of the
planfs showed typicel symptome. Two cut of the five plants
remained with atypical symptoms., At a later date, I repeated
this emperiment a second time, using five N. glutinosa plants.
In two weeks, tynical crinkle-mossic virus complex symptoms
appeared in three of the plants, and in three weeks typleal
symnptoms anpearad in all five of the plants,.

ADDING THE A YIRUS TO THE X VIRUS. I selected four young
healthy »lents. To these I transferred the X virus from Datura
stramonium L. ZThree weeks later, I added to these plants the

A virus from Potato 41956. All four of the H. glutinosa plants

showed typical crinkle virus complex symptoms within three weeks.
MIXING X AND A VIRUSES, Here I used two H. glutinosa plants.

I crushed host leawes of the X virus and host leaves of the A

virus together in a mortar. I rubbed the mixture on the leaves

of the N. glutinosa »lants with pot latels, Typlcal symptoms

of the complex appeasred on the plants in two weeks.

2. Synthesis In Nicotiana telacum L.

In the case of tobacco var., Turkish, I used four plants.
First the A virus was inoculated into these plants, then after
a lapse of three weeks, the X virus was added. In approximately

three weeks, the X virus was addsd. In approxinately three weeks,
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all but one of the plants manifested quite typicel symptoms
of the erinkle-mosaic virus complex,.

I mixed viruses A and X at the cuteset, using three H.
tabacum plents, oné obtained the ususl composite symptoms in

two weeks.

3. Synthesis In Petunia hybrida Vilm

In these plants, the two viruses when added in delayed
sequence d¢ not evidence symptoms of the complex for abtout
thres months. Setting aside for controls several plants
carrying the A and X viruses separately, transfers of the A
virus from Potato L1956 were made to three petunias. One
nonth later I added the X viruse. After & proloaged veriod
cf time, some three meonths, typlecal crinkle-mosaic virus

complex symptoms appeared in the three plants.

L« Synthesis In Lycopersicon esculentum Mill.

Selecting two young healthy tomato plants; I mede transfers
of the A virus from Potato 41956. In three weeks, I added the

X virus from Datura stramonium L. Composite symptoms appeared

in both plants in two weeks.



A
B.

Potato Crinkle-Mosalc Virus Complex

Explanations to Plate V
A healthy petunia plant.
A petunia infected with the crinkle-mosaic virus

complex.

Explanations to Plate VI

Leaf-print from leaf of healthy Nicotlana glutinosa L.

Leaf-print from leaf of Nicotliana glutinosa L. infec-
ted with the erinkle-mosaic virus complex.

Explanations to Plate VII
Synthetic crinkle-mosalc virus complex in Nicotiana

glutinosa L.
Same plant from top view.

Explanatione to Plate VIII
Crinkle-mosale virus complex in petunia. Note the
brilliant diffuse mottling.
Synthetic crinkle-mosaic virus complex in Nicotiana
glutinosa L. Note the crisped leaves hanging to
the stalk.



Plate V




Plate VII




VIII

Plate
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With the inereasing use of cownens in scoil improvement
programs, cowpea mossic 1s becoming an importsnt factor in

Oklahoma production. Chester (5) states that cowpea mosaic

3("4

first sttracted attention in this state in

¥
}'11

staltion plantinges of Oklahoma A.&ki. College in 1937, where
if had become gulite seriocus, In 1939, the dissase was found

frequently in coumercisl Tields of cowpess, with locses as

high as 30 per cent in come cases(5j.

mosatc of c@w\aaq wag reported &s common in Arkansas

‘;D—‘-‘

in 1921{Elliott 9}, but thers 1s no 25 L0

E\‘

videucs pro or o
this virus being the sawe as the cowpea moseic viyus of Okla-
DOIE »

The cowpea mosaic virus is sap-bransmisslitle to cowpeas
and to certaln emvers of Solanaceae, The cowpea mopale virus
differs Ifrom the majority of leswie viruses in being incculable

o

certain of the

£
iy

mnissible vy the see
From an original 5 per cent seedling infectlion, 100 per cent

few weers, evidently due

o
[N
b
e
&

infection mey result in a field

o

to efficient insect transmission{i4). The insect vector ha
not been determined({Chegter 5). I have observed natural ine-

Tectlons of the wirus in Hicoiblana glutinosa L. plants grown

upnder greenhcuse conditicns. The virus causes systemic infection
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yoellosish ﬁotiie iz produced in this Fla%t by the cowpes mosaic
virug., The leaves become veriously distorted, snd the plants
are merkedly dwsrfed. Ususlly, thore is no necrosis., The cu-

cumber mosaic virus produces similar symptoms in this species
(Smith 28).

Solanwn tuberosun L. Irish Fotnto I wee not sble to

Debture stremonium L. Jimson Weed, 1% was not possible
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Smith (29}, Deture gbremonium is & good differential host for

the type strain of the cucumber mmale virus which produces &
ring-chlorosis in theee olants,. It sesns logicel that certain
allied straing of the cucumber mosslice virus would also be brans-

wilgzible to this specles.

Solanum felongena L. Hgz TPlent. Unlike the tyne strain

of the cueumber mogele virus, cowpez nosele virws was not, by

oy efforts, copable of gtitecking these vlants,
Lycopersicon eaculentum Mill, Tometo. I found ths cowpea
mosaic virus incopable of produeing infection in toratoss. Smith
29 ) desoribes the cu T nogale virus as m cing mobtli
{29) describeg the cupber mogale vi as producing mottlin

and "farn les?" gymphtoms in the lesves of these plants.

Petunia hybrids Vilm. Garden Petunia. The cowpes nossaic

virus prodoces a nild smaic with no leaf distortion or necrogis
when inoculations are made to petunias. The cucurber moszaic
virus produces necr

tiec primsry lesions followed by systemic

0
chlorosis and stunting in petunias{dnith 28},
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Cowpea NMosale Virus

Explanations to Plats IX
The cowpea mosaic virus in cowpea.

A healthy cowpes plsant.

Explanations toc Plate X
The cowpea mosalc virus in cowpea.

The cowpea mosalc virus in Nicotlanz glutinosa L.

Compare with Plate XIII A.

Explanations to Plate XI
The cowpea mosaic virus in pepper.

Top view of same plant. Compare with Plate XII A.

Explanations to Plate XII
Healthy pepper plants.

Cowpea mosgalic virus in young Nicotiana glutinosa L.

plants,

HIxplanations to Plate XIII

A heslthy Nicotisns glutinesa L. plant.

The cowpea mosaic virus in Niccotisng glutinosa L.

Explenations to Plate XIV
A leaf-print from & leaf of 2 healthy tobacco plant.
Ileaf-print from a leaf of a tobacco plant infected

with the cowpea mosaic virus.
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au

distortion, Futhermore, the petunia mosuic virus is transmissible
to tomato, whereas the cowpea mosaic virus evidently is not.
Hareovar; the petunia moseic virus is tranamissidble to jimson
weed, whereas this specles is evidently not & host for the

cowpea mosaic virus.



A,

Petunisa lMosgalc Virus

Explanations to Plate XV
The petunia mosalc virus in petunisass.

The petunia mosalc virus in pepper.

Explanations to Plate XVI
Slde view of the petunia mosalc virus in Nicotians
glutinogs L. Note the narrcw strap-like lesaves.
Compare with Plate XVIII B.
Top view of the petunia mosasle virus in Nicotlana
glutinosa L. Note the strap=-like and thread-like
leaves., Compare with Plate XVIII E.

Explanations to Plate XVII
The pstunia mosalc virus in tobacco. Note the
narrow blistery leaves. Compare'with Plate XVIII A.
A leaf print made from a leaf of a tobacco plant

Infected with the petunla mosaic virus.

Explanationd to Plate HVIII
A hesalthy tobacco plant.
A healthy Nicotisna glutinosa L. plant.

Explanations to Plate XIX
Top view of a healthy tomato plant.
Top view of a tomato plant infected with the
petunia mosalc virus. Note the pendulous attitude

of the compound lesaves, and the narrow leaflets,



Plete XV




Plete XVI







Plate XVIII




Plete XIX
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SULLUAR

The potato avcuba mossic virus was transmitted by sep

inoculaticn to Irish potato, tomabto, MWicobiana glutinosa

L., petuniss, tobacco, peppers, and jimson weed., The

ot

virug procduces a masked infection in tohacco and Jimson

o]

weed. In pepper plants the virus produces systemie ne-
crogls and death in a few days. In the other hosts men-

tisned, the virus produces systemic sottling of various

types. H. glubinosa and peprers are useful indicator
plants for this virus because of their characteristic re-

The tobacco mosaic virus was transmitted by sap~inoculation

to tomato, tobacco, Nicobiana glutinosa L.,

weed, esg plant, and retunias. The virus produces systemic

X I

mottling in bomato, tobacco, and rotunies. The virns may
produce systemic mottling, sysbemic nscrosis, loeal necrotic
lesions, or various combinations of these three tyses of

reoactions in pepprers. The virus produces local necrotice
lesions in M. glutinosa, Jjimson weed, and egzg plant., The
best differential host plant for the tobascco mossic virus

is N. glutinoss.

|

The tomato stresk virus or single~-virus streak strain of

- s

the tobacco mosaie virus wes differentisted from the "gtresk®

complex of tomato which 1s composed of the X virus of potato

in association with the ordinary tobascco nosaic virus by
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16.

17,

18.

19.

20.
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25,

26.

27.

28.

29.
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