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Valine-Resistant Plants from in vitro Selected Tobacco Cells 
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Summary. Growth  inh ib i t ion  of protoplas ts  and  cells 
of tobacco (Nicotiana tabacum L.) occurs when 0.1 
to 10 m M  L-valine is present  in the cul ture m e d i u m  
but  no t  if L-isoleucine is s imul taneous ly  added. Meso- 
phyll  protoplas ts  f rom haploid  tobacco were submit-  
ted to ul t raviolet  i r radia t ion  and  cell colonies derived 
from these protoplas ts  were plated in a m e d i u m  con- 
ta in ing  valine. Plants  were regenerated f rom five pre- 
sumptive resistant  calli and  retested for valine-resis- 
tance. A m o n g  the recovered plants  two were defini- 
tely resistant  to valine. This trait  was t ransmi t ted  in 
sexual crosses as a mende l ian  character.  

Introduction 

In  vitro p lant  cell cultures has proved to be a useful 

tool for the isolat ion of different biochemical  mu tan t s  
(for recent reviews see Maliga,  1976a, b ;  Widholm,  
1977); in part icular ,  the selection of p lant  cell lines 
resistant  to var ious toxic analogs of amino  acids has 
been described by several authors  (e.g.; Widholm,  
1972a, b, 1974a, 1976; Carlson,  1973; Palmer  and  
Widholm,  1975). Cer ta in  prote in  amino  acids have 
also been shown to inhibi t  growth of var ious p lant  
materials.  In  the latter, growth inh ib i t ion  was ascribed 
either (i) to the inh ib i t ion  of ni t rate  or a m m o n i u m  
ass imila t ion (Filner,  1966; Heimer  and  Filner,  1970; 
Behrend and  Mateles, 1975) or (ii) to a possible inter- 
ference with the regulat ion of metabol i sm of related 

amino  acids (Sandstedt  and  Skoog, 1960; Street, 
1966; Miflin,  1969; Henke  et al., 1974; Green  and  
Phillips, 1974; Bourgin,  1976). 

Growth  inh ib i t ion  by valine, previously observed 
by Sandstedt  and  Skoog (1960) on tobacco tissue in 
vitro, was recently demons t ra ted  in tobacco proto-  
plasts (Bourgin,  1976). This inh ib i t ion  can be specifi- 
cally relieved by the s imul taneous  addi t ion  of isoleu- 
cine, suggesting that  it may be due to interference 
in the regula t ion  of isoleucine biosynthesis.  A similar 

p h e n o m e n o n  has also been reported in a m u t a n t  of 
Arabidopsis by Acedo and  R~dei (1976). 

The present  study was unde r t aken  in order to ob- 
ta in  val ine-resistant  tobacco cell lines, which might  
prove of value bo th  in studies on the regula t ion  of 
amino  acid biosynthesis,  and  in assessing the effi- 
ciency of mutagenic  and  selective procedures  on in 
vitro cul tured plant  cells. 

MateriaLs and Methods 

A haploid androgenetic plant of Nicotiana tabacum cv. Xanthi 
was vegetatively propagated from cuttings in vitro (Bourgin and 
Missonier, 1973). After rooting, the plants were transferred to 
the greenhouse and cultured under conditions reported previously 
(Chupeau et al., 1974). Mesophyll protoplasts were prepared accord- 
ing to a one-step enzymatic procedure (Chupeau et al., 1974) 
and cultured in 10 ml of liquid medium To (Bourgin and Missonier, 
1978) in glass Petri dishes (90x15 mm), at a concentration of 
10 ~ protoplasts by ml. 

For the mutagenic treatment, a portion of the protoplast popu- 
lation was submitted to ultraviolet irradiation from a germicidal 
lamp (G30T8), at an incident dose rate of 33 ergs. mm-2.s 1, 
to a final dose of approximately 1000 ergs. mm -z. This treatment 
reduced the plating efficiency to 40-60% of that of the control 
population which ranged from 40 to 80%, Since it had been obser- 
ved previously that the UV-irradiated culture medium was not 
inhibitory to the growth of protoplasts (unpublished results), the 
culture medium was not changed after treatment. 

Both control and UV-treated protoplasts were cultured in the 
dark for at least 6 days before being transferred to light (2000 lux). 
This period of culture in the dark was intended to avoid the effects 
of photoreactivation on the UV-treated protoplasts (Eapen, 1976; 
unpublished results) and the depressing effect of light on the control 
protoplasts during the first days of culture (Enzmann-Becker, 
1973). To mimick the growth-retardating effect of the UV-treat- 
ment, untreated protoplast suspensions were cultured at 6 7°C 
for 5 days in one experiment. 

After one month, the cell colonies which had developed from 
the surviving protoplasts were scratched off the bottom of the 
Petri dishes and mixed with equal volumes of melted To medium 
containing 0.6% agar and various concentrations of L-valine. After 
2 5 months, microcalli which had survived this selective procedure 
were transferred to a regeneration medium, either R2 (medium 
To, but with 2.3.10 6 M indoleacetic and 1.2.10-6M kinetin for 
phytohormones and no mannitol) or R4 (Bourgin and Missonier, 
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1978). Buds obtained on these media were rooted on medium 
B (Bourgin and Missonier, 1978) and the plantlets which had devel- 
oped were vegetatively propagated by the in vitro cutting proce- 
dure mentionned above (Bourgin and Missonier, 1973) and then 
transferred to the greenhouse. Valine-resistance of the regenerated 
plants was assessed by culturing shoot pieces (1 cm long) possessing 
one axillary bud on medium B containing 2 mM L-valine. 

Root tips of regenerated plants were analyzed cytologically 
(Bourgin and Missonier, 1978). These plants were selfed, when 
possible, and crossed to the wild-type plants, originating either 
from seed or from a diploidized plantlet obtained through leaf 
culture in vitro of the haploid clone (Kasperbauer and Collins, 
1972). Progeny testing for valine-resistance was carried out by 

Fig. 1. Growth of shoot explants with one axillary bud from valine- 
resistant plant Val r 1 (lower row) and from original haploid wild 
type plant (upper row) as a function of the concentration of L-va- 
line in the culture medium B (from left to right: 0, 0.2, 1, 2, 
5, 10 raM). Photographs were taken after a 7-week growth period 

germinating 50 seeds from each cross on medium B containing 
2 mM L-valine. This concentration permited the germination, but 
inhibited the development of non resistant phenotypes. 

Results 

Prel iminary  exper imenta t ion  had demons t ra ted  that  

concent ra t ions  of 0.5 to 1 m M  valine temporar i ly  in- 
hibited growth of three-week old cell colonies derived 
f rom protoplasts ,  but  eventual ly numerous  colonies 
appeared.  However,  a mong  7 plants  regenerated f rom 
such colonies none  was found  to be resistant  to valine. 
Thus,  higher concent ra t ions  of valine were used in 
subsequent  selection experiments  (2, 4.3 and  8.6 mM).  
No colony was recovered f rom plates with the highest 
concen t ra t ion  tested (8.6 mM).  On plates conta in ing  
4.3 m M  valine, 9 colonies were recovered out of 5.10 s 
colonies that  developped from the i r radiated proto-  
plasts, and  none  a mong  106 colonies f rom the control  
popula t ion .  

In  another  experiment,  using 2 m M  valine, 6 colo- 
nies were recovered a mong  6.105 colonies that  devel- 

oped from the i r radiated protoplasts  and  5 among  
1.2-106 colonies f rom the control  popula t ion ,  which 

had been exposed to low temperature .  
A m o n g  the 9 colonies recovered in the experiment  

using 4.3 m M  valine, 2 did not  survive transfer to 
regenerat ion med ium R2 wi thout  valine, 3 developed 
further  but  did not  form buds, and  4 gave rise to 
buds  and  then to plantlets.  Shoot explants f rom only 
one of the regenerated plantlets developed on a me- 
d ium conta in ing  2 m M  valine and  this line was thus 
identified as val ine-resistant  (Valr-1). A further  test 
with a range of val ine concent ra t ions  (Fig. 1) indica- 
ted that  a 50% growth reduct ion of the explants f rom 
this line was observed at 10 m M  valine, which is 10 
times greater than  the concen t ra t ion  required for wild 
type explants (Fig. 2). 
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Fig. 2. Fresh weight increase of shoot explants with one axillary 
bud from haploid original wild type (o) and from valine-resistant 
Valr-1 (e) tobacco plants as a function of the concentration of 
L-valine in the culture medium B. Each value is an average of 
six individual cultures scored after a 7-week growth period 
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Fig. 3. The biosynthetic pathway for isoleucine, leucine and valine in Escherichia coli K-12 (adapted from De Felice et al., 1977) 

Table I. Transmission of valine-resistance in F 2 progenies from 
Val r 1 plant, The Fx plant used was obtained by pollinating a 
Val r -  1 plant with wild type (WT) pollen 

Origin of the seedlings Non resistant Resistant 

F1 selfed 16 34 
F1 xWT 23 21 
WT x F1 22 27 

Fig. 4. Transmission of valine-resistance in F~ progeny. Seeds from 
resistant plant Val r -  1 pollinated with pollen from wild type plant 
(lower row) and from selfed wild type plant (upper row) were 
germinated aseptically on medium B containing 0 or 2 mM valine. 
Photographs were taken 15 days later 

In the experiment using 2 mM valine only 3 colo- 
nies from the irradiated population and 3 from the 
control survived the transfer to regeneration medium 
R4 containing 1 mM valine. Buds regenerated from 
all colonies, except one from the control fraction, 
survived the transfer to rooting medium B containing 
1 mM valine and were therefore considered to be pro- 
bably valine-resistant. Thus far, however, adult plants 
have been obtained from only one line (Valr-2), origi- 
nating from the irradiated fraction. 

The morphology of the resistant plants appeared 
normal. However, while Valr-2 plants were found 
to be diploid (2n=48)  and self-fertile, Valr-1 plants 
were male-sterile and displayed chromosome number 
ranging from 41 to 49. Valr-2 seedlings obtained from 
selfing were all resistant to 2 mM valine, while those 
obtained from reciprocal backcrosses with wild-type 
plants were resistant only to 1 mM valine. V a g - 1  
seedlings obtained from a backcross with a wild-type 
plant which was used as the pollen donor were all 
resistant to 2 mM valine (Fig. 4). Tests carried out 
with a range of valine concentrations on fragments 
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from two of these F~ plantlets have shown that they 
were as resistant as the parental plant Valr-1 (results 
not presented). One diploid plant from this F1 genera- 
tion was selfed and backcrossed to wild-type. Results 
of the test of these F2 progenies are presented in 
Table 1. 

Discussion 

The valine-resistance traits (Valr-1 and VaV-2) are 
transmissible through sexual crosses. In each case, 
inheritance of valine-resistance might be explained 
by a single allele, dominant in the case of Valr-1, 
and partially dominant in the case of VaF-2. Thus, 
these variant phenotypes can be considered as result- 
ing from mutations. The isolation of these mutants 
with this selection procedure reaffirms the uselfulness 
of protoplast suspensions as a tool in plant cell gene- 
tics (Carlson, 1973; Maliga et al., 1976; Aviv and 
Galun, 1977). 

The two valine-resistant plants isolated thus far 
originated from the irradiated protoplast population. 
Since ultraviolet irradiation killed a fraction of the 
treated protoplasts and delayed division of the surviv- 
ing ones, colony suspensions obtained from the irra- 
diated population were not strictly comparable to 
those developed from the control population. Conse- 
quently the conditions used for selection could have 
been better suited for both the irradiated suspension 
and the cold-treated control. At least for this reason, 
the results reported here can not be considered as 
conclusive evidence for the mutagenic efficiency of 
ultraviolet irradiation on plant protoplasts. Mutage- 
nic effect of UV-irradiation on pollen grains has been 
well documented (e.g. Pfahler and Linskens, 1977) 
and limited evidence of this effect on plant cells cultu- 
red in vitro has also been reported (Eriksson, 1967; 
Widholm, 1974b). Thus the use of UV-irradiation 
to mutagenize protoplasts could gain wider accep- 
tance. 

The selective procedure utilized in this study was 
similar to that employed by Carlson (1973) for isola- 
ting methionine sulfoximine-resistant tobacco lines, 
except for some minor modifications, the most nota- 
ble being that protoplasts in this study were cultured 
in liquid instead of agar-solidified medium. However, 
this would appear to be of little consequence since 
colonies which developed from protoplasts in liquid 
medium did not appear to dissociate before or during 
the selective plating; the resistant colonies were thus 
likely to originate from one mutational event. Further 
experiments would be required to define other para- 
meters known to be of importance in the in vitro 
isolation of mutants, such as i) the optimal time for 
applying the mutagenic treatment, ii) the optimal de- 

lay for the selective plating, and iii) the possible need 
for dissociating the colonies prior to selective plating 
(e.g.: Fox, 1975). Since I was primarily interested 
in selecting genetic alterations transmissible to whole 
plants, the valine-resistance of presumptive mutant 
cell lines was tested on standardized explants from 
regenerated plantlets. Obviously, valine-resistant cell 
lines which had lost their capacities for bud regenera- 
tion under the conditions tested would have escaped 
such a procedure of retesting. Regeneration of plants 
sensitive to valine from calli recovered on the selective 
medium confirms previous observations reported with 
other mutant cell lines selected in vitro (Carlson, 
1973; Sung, 1976) and underlines the necessity of 
retesting presumptive mutant lines isolated under 
such conditions. Several phenomena could account 
for this feature. 

a) If colonies derived from mutated protoplasts 
are chimeric and if wild type cells in association with 
resistant ones are able to survive the selection pres- 
sure, wild type plants could conceivably be recovered. 
Apparently this was not the case with Valr-2 colony 
since all 9 buds which were regenerated from this 
colony were found to be valine-resistant. 

b) Certain genetic or epigenetic alterations confer- 
ring valine-resistance could be expressed at the colony 
or callus stage but not in the derived plantlet. Auxin- 
and cytokinin-habituation (Lutz, 1971; Binns and 
Meins, 1973) or the transient cycloheximide-resistance 
observed by Maliga et al. (1976) in shoot-forming calli 
are likely examples of such epigenetic alteration. To 
my knowledge no confirmed plant biochemical mu- 
tant with such a phenotype has yet been described. 

c) A more trivial possibility is that the selective 
conditions employed were not stringent enough to 
prevent the survival of colonies either of the wild 
type phenotype or of modified phenotypes whose 
growth was favored in adverse conditions. 

Various problems were encountered in the process 
of plant regeneration through bud neoformation from 
the selected colonies. 

a) Some calli were unable to form buds on the 
regeneration medium which was used. This loss of 
regenerative capacity is common in tissues or cell 
suspensions which have been submitted to repeated 
subculture (e.g.: Smith and Street, 1974; Widholm, 
1974b). The genetic alterations likely responsible for 
this loss could have taken place during the develop- 
ment of callus in the selective medium. Ultraviolet 
irradiation of isolated cells has also been shown to 
partially suppress their regenerative capacity (Eapen, 
1976). Finally, one cannot exclude the possibility 
that certain valine-resistance mutations are incompa- 
tible with the regeneration process. 

b) Diploid and near-diploid plants were regenera- 
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ted f rom p re sumed  hap lo id  p ro top las t s .  In  vi t ro  cul- 
ture cond i t ions  can  accoun t  for  e n d o p o l y p l o i d i z a t i o n  
and aneup lo id i za t i on  (Sacrist / tn and  Melchers ,  1969; 
Takebe  et al., 1971; Ogura ,  1976), but  it cou ld  also 
have been poss ib le  tha t  r egenera ted  p lan t s  o r ig ina ted  
f rom spon taneous ly  fused p ro top l a s t s  (Withers  and  
Cocking ,  1972). In  this eventual i ty ,  however ,  it is li- 
kely tha t  only  one of  the two c h r o m o s o m e  comple -  
ments  wou ld  have car r ied  the allele respons ib le  for  
the va l ine- res is tance  pheno type .  Since the p rogeny  tes- 
t ing o f  va l ine- res i s tan t  p lan ts  d id  no t  show heterozy-  
gosi ty  for  this  t ra i t  it  mus t  be a s sumed  tha t  d ip lo id iza-  
t ion occured  af ter  the  muta t ion .  

The  mechan i sm of  va l ine- res is tance  is not  yet 
known.  Dif ferent  b iochemica l  a l t e ra t ions  cou ld  ac- 
count  for  this trait .  

a) U p t a k e  of  exogenous  val ine  m a y  have been 
reduced  in the res is tan t  cells. Dec reased  u p t a k e  of  
t r y p t o p h a n  and  o f  its ana logs  was cons ide red  by Wid-  
ho lm  (1974a) to be p r o b a b l y  respons ib le  for  5-methyl-  
t r yp tophan - r e s i s t ance  in one ca r ro t  cell line. 

b) As in m i c r o o r g a n i s m s  (Umbarge r ,  1969; De 
Fel ice  et al., 1977), the last steps of  the b iosyn the t i c  
p a t h w a y s  leading  to val ine and  to isoleucine are  p ro-  
b a b l y  ca t a lyzed  in h igher  p lan ts  by the same enzymes 
(Bryan,  1976) (Fig. 3). In  bac ter ia ,  the r egu la t ion  of  
these p a t h w a y s  is insured,  in par t ,  by con t ro l  of  the 
first enzyme c o m m o n  to bo th  pa thways ,  ace tohydro -  
xyac id  syn thase ;  this con t ro l  m a y  involve feedback  
inh ib i t ion  of  enzyme act ivi ty  and  repress ion  of  en- 
zyme synthesis  (Umbarge r ,  1969; De Fel ice  et al., 
1977). In  h igher  plants ,  whereas  there is no evidence 
of  enzyme repress ion,  coopera t ive  f eedback  regula-  
t ion  o f  a c e t o h y d r o x y a c i d  synthase  by leucine and  va- 
line has  been r e p o r t e d  for  all species tes ted (Mif l in  
and  Cave, 1972) with the except ion  of  P h a s e o l u s  radia-  

tus ( S a t y a n a r a y a n a  and  R a d a k r i s h n a n ,  1963). Al-  
t hough  more  inh ib i to ry  when suppl ied  together ,  leu- 
cine and  val ine  are  s ignif icant ly  inh ib i to ry  on  their  
own (Mif l in  and  Cave, 1972). Thus  g rowth  inh ib i t ion  
o f  t obacco  cells by exogenous ly  suppl ied  val ine could  
be due to inh ib i t ion  o f  the a c e t o h y d r o x y a c i d  synthase  
by  excess valine,  leading  to s t a rva t ion  of  the cells 
for isoleucine.  A n  a l te red  a c e t o h y d r o x y a c i d  synthase  
more  res is tan t  to f eedback  inh ib i t ion  by  val ine could  
confer  res is tance to va l ine- res i s tan t  cells. Such a phe-  
n o m e n o n  has been observed  by  W i d h o l m  (1972a;  
b) with an th ran i l a t e  synthase  f rom 5-methy l t ryp to -  
phan- re s i s t an t  cell l ines of  t obacco  and  carrot .  

c) Val ine  also be longs  to the g roup  of  aminoac ids  
k n o w n  to inhibi t  the g rowth  o f  p lan t  cells when they 
are cu l t iva ted  on n i t ra te  as the sole source o f  n i t rogen  
(Fi lner ,  1966 ; Behrend  and  Mateles ,  1975). This  effect 
may  have preva i led  in the selective cond i t ions  and  
thus,  the va l ine- res is tance  observed  here would  be 

c o m p a r a b l e  to the  th reon ine- res i s tance  r epo r t ed  with 
the  t oba c c o  cell line i so la ted  by He imer  and  F i lner  
(1970). 

N u t r i t i o n a l  and  b iochemica l  exper iments  should  
e luc ida te  the na tu re  of  the a l te ra t ion .  However ,  irre- 
spect ive of  the mechan i sm involved,  this r epor t  is 
the first to my  knowledge  to descr ibe  the successful 
select ion of  amino  ac id- res i s tan t  plants .  Such mutan t s  
could  be of  grea t  value  in s tudying  the regu la t ion  
o f  a m i n o  ac id  b iosynthes is  (Mif l in  and  Lea,  1977; 
G r e e n  and  Phil l ips,  1974) or  the amino  acid-sensi t ive  
steps in p r i m a r y  n i t rogen  m e t a b o l i s m  (Behrend and  
Mate les ,  1975). 
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