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The developuent of mitations of tobacco mosaic virus by the chemical
roatient of ivs nucleic acid 4in vitro.

by K. W. lundry and 4. Giercs.

Zeltsenrify £, Vererbungslehre, 89: 614-630 (1958).

a) Preliminary tests. For thc purosose of qualitative orientaiion,
tho virus wialch had been inactiveted by scveral decimal powsrs by pro-
lornzcd cubjection to the effect of nitrite was tested on "Java" and
"Zanthi" tovacco in a relatively hish concentration, This is compared
wvith dilubted, non-treated virus. Table 1 shows that virus treated with
nitritc in this razner causes a very great number of necrotic lesions on
Java tobacco, while non-treated virus of the same infectivity (established
on Xznthi plents) develops only a few necroses on Java plants. Fig. 1 b
depicts a lcaf of Java tobacco inoculated with vulgare TV treated for
only 20 minutes with nitrite. In addition to the chlorotic foci of in-
fection by valgare, several necrotic focl are distinctly visible.

It shull be shown in the following that these necrotic lesions must
bs attributed to mutants which were generated by the chemical treatment

of the virus or of RNA in vitro.

b) Quantitative analysis. For the purpose of quantitative analysis,
ne tine of subjecction to nitrite was varied and the remaining conditions
czaincd constant in the course of a time series. Table 2 contains such

wetric sceries for isolated RNA of TMV strain wulgare. It is evident
Lhot the nunber of locacl necrotic lesions generated on Java tobacco at a
consiant I concentration initially experiences a sharp rise and then
ozoess in vne further course of incubation. The fraction of necrotic
~.oions &oong the total number of all foci of infection continues to
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according to tests by Schuster and Schramm, inactivation iwith
slivite occurs by the chomical alteration of individual nucleotides and,

nowrefore, oxponentially with tima:

ct

n = nge - = (1)

(= concentration of infectious particles after time t; n, =
concentration of infectious particles at time t = 0).

Th;c’t: defines that time after which the number of infectiov.:
particles hos decreased to l/c, i.0. to 37% of the original value. On
ihe Lusis of the scries of dilutions, the corresponding concentration n
ol infcectious particles may be determincd for each value of infectivity
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folloving incubavion voth nitrite. Time "V is then obtained according
to eguation (1) by applying the log of the concentration azainst the
tina. For example, the inactivation curve in Fig. 3 is thus obiained
01 tho busic of the wmetric values of table 2. It is evident that the
values mcacured on aantiii and Java tobacco yield a comaon curve and
support each other in this wanrer. For the test tabulated in table 2

-

and Figs. 2 and 3, a "¢ of 18 minutes 1s obtained.

If the induction of mutants is due to chcroical alteration of singls
nucleotides, as in the case of inactivation, and p mutagenic chanzes of
the scarched-for phenotype (phacn) are obtained for eacha inactivation,

a linear increase in the fraction of mutants azong the “swrviving" virus
particles may be expected, according to the egquaticn

(m = concentration of nccrotizing mutants).

The total ceacentration of mutants, on the other hand, is obtzined
by combining cf equatica (1) with equation (2) to form

t

t
o-p ,I: noe '(f (3)

or, applied to the maximal value ¢f nn

t t
m_mec*<‘e T . (&)
o

It is likely thet equations (2) and (3) are valid only for a
Moited period of time t, since saturation effects are possible after
prolongcd treatwent with nitrite. Egquation (5) will represent the
aporoximite dependence on the time factor of the mecrotic lesions
developing due to the effect of tutrite, as long as the nwiber of

necroses is nearly proportional to the concentration of mutants.

However, if the mutations were duc to the simultaneous alteration
of several (namely % ) nucleotides, then a relation of the following
type whould result:

N

T w const. &+ (5)
n
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Tie preccealnz oquations nake it possible to describa neasurenents S
concucted under alssimdlar conditicns in a uniform manner. This is aone )
vy rcducing ali points of measure Lo the time "= wiisi corrcsponds to

ine conudilions, tiae <X bolng ncasured independently. Uhe same Iractlen
¢f chendcally altoercd bases in RNA corresponds to tne zans value t .

Lonnor, messurcuants toker under differcat corditicns may bo
:d, Yisot, o5 depicted by the preccding cuomnle, tine 7O hus been -

t wd for every individual sorles of measurciants on the basis ol :
ne irnzetivation curve. Thea the nwivor of visible nucrotic lssiony =-—- .
asp;ic Lo the corresponddng noucmal valuo =—- was deverained for each

elinoit, scparately and in relation to time, In Fig. 4 the values
tl"s ovtuined are applied against fsand compusred with the theoretical
curve, cqustion (L), of the one=hitl'reaction. Thero is favorablo agree=
ment.  Tnis anolies bobh to the measurencnts of vulgare 1TV and the RilA
;uol¢ ¢d therofrom uncer e diifcrent cenaitions, and to the i of
teain BLL (). The declsion in faver of the one-hit reacticn is .
cumoried copecilally by the cheracterisidc starting values in conncctlion

cLta saort incucation tiwmes. The linear rise of the ciperimental values
sorcnzlys deviates hers from thne parabolic rise of the multi-hit curve
(Fize 4). In ¥ig. 5 the fraction of the necrotizing focl of infection
cionz the total number of all foel on Java tobacco is entered in relation
to vins, where the reduced time v is again chosen as the unit of tice.

Hore, too, the indtially Mincar rise of induced ncerotic lesions with
iz, co‘:csson31n; to the onc-nii rcaciion, is evident. The subscguent
LcaQ in the curve nay possibly bo ascribed to the indicated effect of
saturation. Stroin Zil of TeV also shows the linear rise of the necrotic

roricn with time. For the choracteristic time t = T, an approxiaate
raiio of %4 m‘t_uus is found azong ths "survivors" in the case of wvulgare, .
Znd about 24 for Bll. In the event the Yplating efficiency" is not i
chenged by trhe mutation, this corresponds to the relation p of the muta-
gosic hits to the lethal hits, according to cquation (2). Since,
ucuc,“"n to Schuster and acnr_mm, the altcrutlon of every single cne of
bout ;,C 0 nucleotides has a lethal effect, there would be 6% in the :
.cc of PNA of strain vulgare, i.e. 1£0 nucleotides whose change would
cd to & :utant with the cnaracteristic of Java necrosis. The ante-

ccont of this evaluation still requires experimental confirmution,
nousver.

=7 Cas ¢: tne numerous sirains develoned by spuntaneous mutation from
vulzare isolated in the meanwhile Ly melchers, characterized by
~riiary chlorotic lesions and light yellow secondary symploms with
-1l necroses.

he congraent course of the .orrcuﬂvudin! cuives for Ria and intact
Virus ulrcaqy indicate that the u*QJMVn Sfraction of the virus has no
decisive influsnce on the resction's mechanisu,

In order to confirm this, the rate of spontanecus nutatioi. v
necirwtizdng r4u¢nts on Java tohacco wus first detorazinced totn loo ialich
veizars AnJ and infectious RNA preparcd from it. Tne two rates obtincu
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azre lacntical (table 3), The cune test was conducted in another
crgeritiont vith nitrite-freated vulzare wiose infectivity had been
reduccd to about 1/e of the original value (t approximately = T° ).
Az2dn, protdin was removed Irow o vurt of this nitritc-treated virus by
fourfold snaking with phenol; the RIIW obtained was tested as above.
In the case of this nlurlte-\reated virus, too, no differences betuween
vhe natation rates of intact virus azd the Rl sibhoaquently prepured
fooin 1 wero noted.  The w0 ruates are dldeatical) to each other, but
Cuilsideswbly greatlr tash tac sponiancous tave of wunbreceia vidiua
(UVUlL 3). This sheus thct the oboorved efioct is due to the influcnce
trite on the Al ol the viruu, arnd that its quantitative result is
uvg;cnacnt of the presence of virus povtain.

¢) The biological proof of the mutagenic offzct of nitrite in-

cutstion. 45 the quuntitative analycis indicatcs, the genesis of nccrotic
lo.iong on Java leaves induced vith pitrite follows laws that sugsest a
direct chealcal, 1.e., mutagenic, alteration of Ria via single nucleotides.
In addition, it was necessgary te prove the development of new strains as
evidince of a gonainely mutagenic effec. In this connection, the
svability of newly appearing chnaracteristics, in particular, had to be
teunca in transplanting experimeznts, Tacn we had to exemine whether, in

additica o the primary 2tdlity to necrotize Java tobacco, other new
charactcristics appear in the wake of treatmant with nitrite.

Tnese two problems were investigated in the course of an extensive
inoculative experiment.

Tro principle of this exparimznt is the icolation of individual
foci under conditions that precluds the possihility of subjective
selection, and the transfer of virus from these foci to plants wvhose
syzptoms, following pathogenesis, permit the observation of as many
viral characteristics as possible. ile proceeded with the groups "AlA
incubated with nitrite for 96 minutes" and dilution control with 0.19 ¥
RNA/nl of the test summarized in table 2, The infectivity (according to
the nusber of necrotic lesions per Xanthi leaf) of both is nearly equal
and Lhe nucber of necrotic lesions per lear (about 3) so low that foci of
infection may be isolated with ease. They were cut oui and hozogenized
in tissue nicro-mortars. The homogenate of each individual necrotic
losion was diluted to 1 ml with buffer and frozen. On the following day
the molted homogenates were used to inoculate one Samsun and one Java
scedliny each per original Xenthi necrotic lesion, using a glass spatula
and carborundum. In this manner all Xanthi necroses of the two compara-
tive groups were isolated, totallinz 60 in the "96 minute nitrite group!

labolcd vith numbers 1-60) and 65 in the ciluted controls with 0.19
Ria/ul (nucters 61-101, 10lz, 102-124).

The recults of this test are cumsarized ia tatle 4 and Figs, é ard 7.
In coniraest to the urdformly groving control~, the result in the cage of
nitrito~incucated R is entirely different « Julltdu-Vg-V 235 wel? as
cusniitntively: In this group, 20 of €0 single Jocus tronsicr: 71ave
£eiled, in the control: only 1 among 65; of the 40 infections frcn
nccrotic lesions of tf.: nitrite croup, only 7 cannot be differ~~r.iated

4




from the convrols by thelr syantoms.

Trese results romined unchanged after a second transplantation
wnich was conducted 2;‘:-3 weeks later fron discased plants ¢f S=o.un and
Java tobicco onto young samsun scudlings. The syuptoms noted after this
setond transfor were identical wo those of the Samsun plants of the
rirst transplant, Samcun seedlings inoculated with virus material fron
Juve plants devoloped the saue symntoms as those of the corresponiing
rirallcl inocalation from Saucun piants, This proves thuat the
uillervhivielily sywwwws washk be ascribed not to physiolog e2llr caused
variabllity of the host plents, but to gonetically fixed, new characlor-
istics of the virus, ==-- Ths nutation rate for the necrotizing character
amownts to 154 (ef. table &) wader the conditions of this incubation.
Tas general incidence of mutants proves to be much higher upon evaliu-
ation of a madoua number of phonotypes (phacne), a&s was done in this
cxperitent., 1t is possible thut a wore wrecise exzuination may prove
that Rii dncubated vith nitrite for §6 minutes under these conditions
no lonzer contains any material that still maintains the unaltered
genetic character of the starting waterial.

~eony -
.L:'LBL‘:'_S .

Table L. ZEffect of incubation of vulgare TelV not necrotizing Java
tobaceo on the necrotizing ability of this virus.

Concentration in tha incubate: 4.4 mg virus/ml; pH during incuba=
tion: L4.l; nitrite concentration in the incubate = 1 molar; dilution
afier 1, 2, 3 and 4 hours with m/15 phospnate buffcr pH 7.0 to 0.4k m3
viruc/ill, then dialysed against the same tuffer and inoculated on Jave
Zobaceo laaves.

LT

[ —
'

+ e e e

) bt e

DL

TeV concentration lst test 2. test

Group in the inoculua necroses/leaf on nccroses/leal on
(10-6 g/al) Xanthi Java ZJanthi Java

Incubated with 1nr LLO sc2 345 277 i3
Nai0y at pH 4.1 2 hrs 440 187 53 37.5 25.2
3 nrs WC 2 1 8.21 8.4

4 hrs L0 0.36 Q.29 - -
non-treated Lok 4G9 1.9 257 l.4
¢ilution control C.lh 163 0.5 56 C.05
0.044 26.5 0.16 8.6 0.23

0.0044 2.08 C.04L5 0.3 not
tesied

N
5
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: ! - Loble 2, Lopendencs on the dwration of subjection to nitrite of
% I the genecsls of local necwoticing infactivoe foad from non-necrotizing
; . 'V‘Lllzll'u R,

|
. Concentr.tion in tho incabate: 9.5 X 107~ g Rin/ml; pioin the
1 : incabater  L.3; ritrite conceniruiion in the ineubiis = 1 wmolur.
} ; wilution slier 1-9¢ minutes with /15 phosnhiate builer pH 7.0 to 1.9
3 A lQ-D S a»i:u/«'n... |
i i
B ? Wia Duration Aenind Java Tava Java neeroses X 170 i

! conceniretion ol NUCVSes  noerovic & ..ecivses total P.5.

‘ (2070 2 Lienbotion oo ehlorotie per leal (=) i
o : (win) Leaf lesions per H
T ; lcaf= total
Eg ! i .S.
- H
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> 137.5
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. .28 0.75 0
' % In tais group a teotal of 60 Xanthi necroscs were counted. They yiclded
: the stariding material for the iroculative experimsnt described 1n tatlec 4.
Tho matants depictod in Fig. & crsiginated in this group. :
% W In this :Tqu a totel ¢f £5 Lonthi necrotic leaions were counted.  Uhey -
H yielded the starting mmtcrzu- for th: controls of the inoculative
£ cxperizent of table 4 and the coatrols depicted in part in Fig. 7.
- 'l'l A Y 3 » P .
18 ‘ %t Fow the deterninsticn of U (i.e. the inacuivation cirve), the mezn
i . vos drewn fron these valucs cnd lhose of the firct control (19 X 10'6
: . Rl/wl) and thy m2an was uldlized &o the 3 minute value.
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Yable 3. Cournaricon of woot
lesions on Java tobdceo with thal slovated by the nitrel
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arance of locul noerotic

trite incubation of

iutuct vulgure 70V, for undmpaired T.V and its isolated it

“ i u\o

iust Preparation

W

ol

Concentration
TV or KNa

in 1976 g/m1

Java Lowerotde Mutation
neeroses  lesions  rate %
& cilo-  por Leaf

vLud per

leal

1

L..rr \u_.. QT oy ST JE A EN
.‘JL. non=ireaued vaLgore
-

1. o vel-are. dincubated 20
sinovd t.h adtrite

g0 0.15 0.187
1l 0.2 0.180

g1.3 ) 5.65

7.V vulgare, incubated 20
i.;‘. vita nitrite

i Iron vulgare WV in-
cubated <0 min vith nitrite

0.7

20.0

40.7

._J
u?
(%]

\ve)
19

w wy
O
W

56 2.12
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a

Y

cri

stcrial found in vulgare miiL incul
NS Java tobacco (twt dutu sce table ~..

Tablo 4. Sumcary of the types deviating from non-treated starting :
a _r,c\. in nitrite after testing on Scmsun {

Preparation = ct.
adia fiow vulzare TolV Fig,

of s;';‘p ton {-;.'p”:S

LOD

Jn?L

D

Trcatc? w{nitrlte lion-treated !
96 nin

20%107° g

Riva/ml

dilution control
Q - oae
0.19 x 10 6 iiu‘-’.\/n'll

Test plants Samsunt Java~ Samsunibee Java
1
I.:ocx;-ut.ion failed - 20 17 i 1 :
Frobobly unaltered v1rus - 7 12 (I 64 ;
ce. silar to wvu lsr.\- :
‘:;-.hout s*.-;*.‘.ucant c:e—
for.avion of leaves c 5 2 0 0
yres with cistinct
cvriated venation d 7 5 9] o]
Jocked stradns g 2 0 0 0
Crocanlly spreading
% 3 6 0 0
2 2 0 0

-

c
Suradins \-.ith strong (%o
Levere) de

liaves ®% c 3 2 0 0

lizat green noseic strains - & 1l 0 v
Systeideally necrotizing ;
strodne a 2 (o) 0 0
atyniczl single fomus b, > 1 o C
wWith rodsury indections only: =

&) necroilmng i I c 0

L) chlorotl 1n\, b 2 0 0

¢) ; G 5 o] o] '
% o 3 O O
otel o o €5 )

Sincle focus inoculations done &0 &0 65 5

I




: .."-\.

{ 1 . .

i - Footrotes o tulle 4

1 o gsyaptusyne found on Sawsun todacco does not necossarily meUbG
! tho GO0 8yn-Long on Juva tobucco. ;

Tuis 1s truc egpecially of weuk

stradns,.

#*% Jeduction of lomipng inn

a1t up to ccat rorib,  Such severe injurics
become fully evident only 2- 3 WEeds avicr infoction.
, W% L. Fig. 7.
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Fiz. L. Relation betwecen the absclute number of necrotlzing
rxiants noted per leaf and the duration of the influence of nitrite,
tre latter represcnted by the quotient "duration of treatment: reduced

tize I v (cf. Fig. 3 for determination of U

N
.J /'i\ % 5 g F
& ;
. —~ .
= o % 15 * -
e A |A
;- ; [$9] } < -
: 403 = 20 . & //, P
Rk : = =
=9 Ve T P -
DE 5 s 2 o vulgare RNa; pH 4.5
WRE /o i/ - l i3 vulgare RNi; pH 4.8
S .,'j‘”’ | -7 ' | Avulgare, intact virus;gil.2
- / "¢ o TV spontanecus nutant Bll;
do L | l RNA; pH 4.8
O - . .
) 0 1 2 3 4 5 t ———
it 5 ’(‘
#i7. 5. Relation of the fraction of necrotizing tyvos among tac total.
e all infective focl on Java tobuceo (nccrotic # chlorotic lesions, cf.
Size 1 b, = "nutetion ratot) to the duration of treatment with nitrite in
commcesion with 2 strains of THV. Sections of abscissa same as in Fige k.
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Z. 6 a=nh, Somo exansies of TWV stirains d"'elommr alve
lon of TV wulgars fua with nitrite and isolated from necrotic
ci Zouini toL\xcco louves.  Swomary of mutants obs _u.m,d in tadlo
c-.:,a:;".:nml dace in tazle 2 and tend wp. €23 and 626, ==~ a) sy
cerotirsing en Samsun, Li 454 by atypical single form ¥i 533 ¢) similar Zo
udsare, tut wdthoas drvmct daclomation of leaf [l 20; &) stricted

cnetion typs Wi 18; o) with incrcasod deforzation, i later s‘t;.a';i;. RN
ne lanira as far as the cinter rib, Xi 10; £) aiypi
imeked strain Wi 543 h) attenuated strain Ni19.
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Fig 7 a-h. Sclected exaznples of extrena varizhility within a convrol
oroup wWith non-trcaved Rild, Inosulitions from nocrotic leeions of Yant s
tobacco lesves. Sunn-mj and cozparicon vith nitrite-treated L sece tble
- 4 erd Fig. 6, exveriicutal data table 2 2nd text pp. 623 and 625, =--
&) control 63, b) control 101, c) control 1G9, d) control 75, e) conirol
131, L) coitrol &5, g comtrol 71, b) control 6l.

J.‘. ordcs to demonstrate the gonesis of mutants in vitro, conditicrns

ca wxer vialeh @ strong increass occurs in the nunber ol necrotic

5 ccuzcd by the zutants oa Joava tobacco. Owing to this increzce,

waniber of mutants multiplies 20 times over the original valiue in an

were the infectivity has decresed by cunly one half. This preciuvdes

tive procesces. Lior may the rise be attriltuted to a nigher degres of

pility of the mutants! asseruwlveness due to dilution or inactivation, ;
eciently noted (Mundry 1957 &). Thereforo the mutants wero induced
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2 of ecucl represcniailon ¢f aliered bases, i.e. alter
id:intical incctivation, €.3. to 1/0, the percentase of mutants zmong the
infecctious particies is the caue Ior isolated AlA treated with nitrite,

Joroviras toosbed sdth nitrite, wnd for Hia subsoguently 1.aoL1t‘.d frou it.
Tnas too matzgenic erfzet docs not affect the protein and has no connec-
ticn vith agarezational vhenczena, whnich are entirely dificrent for INa

aiG Taly therefore chemical changes of R4 must te involved here. 5

3
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~
<

Sitative analysis indiceted that the change of a single nucleotide ‘
aen of 6,000 wuflices to evo}:c & matation. MNunercus, probably :

s of clcozidas lcad to nutants uron alteration. Genetic '
th'Ib indeed chowed thet a multitude of diffcrent, genetically
: {phacnc) appeared &s a result of treatument with

izt the caexiesl alteration {

~

it wos Zouna oloo Thut tas removal of
L Lowed by a cninse in the mutational
voLwvior. Un3 spo:‘.taneous rote of mutation in the diroction of the

..vcm:i:.l" ch.uracter on Java lcbicco is a_m:c::i‘.-..‘:lj tho came fov Uil

. wnd T {ece tacie 3), r.-...el_v, 0.2 wier our conditions., Inocilations
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