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A  Research  program  recently  begun
**■  at  the  Arboretum  involves  growth
of  plants  under  unusual  conditions  (Fig-
ures  1  through  5  illustrate  some  of  these
conditions).  Small  pieces  of  tissue  are  re-
moved  from  intact  plants  and  placed  in
sterile  culture  flasks  and  test  tubes  contain-
ing  complex  mixtures  of  minerals,  sugars,
vitamins,  and  other  substances.  The  in-
tent  is  to  determine  the  conditions  neces-
sary  for  continued  growth  of  the  isolated
tissues  and  also  to  regulate  the  direction
and  extent  of  that  growth.  Our  objective
■n  doing  this  here  at  the  Arboretum  is  to
use  this  and  related  procedures  to  develop
new  techniques  for  plant  propagation
an  d  to  improve  cultivated  plants.  The
Procedures  being  used  and  the  techniques
bejng  developed  represent  applications  of
a  held  of  plant  science  called  plant  cell
a nd tissue culture.

Although  plant  cell  and  tissue  culture
has  only  i  n  recent  years  begun  to  attract
su  Pport  and  to  show  potential  in  solving
Problems  in  plant  propagation,  the  field
■  n  °f  new  t0  botanical  research.  It  was
nortjy  after  the  turn  of  this  century  that

D,lr  I'T  b  °  tanist  '  GottIieb  Haberlandt,
on  I  a  paper  entitIed  >  "Experiments

tne  culture  of  isolated  plant  cells."  In
3  P^er,  he  described  attempts  to  cul-
tl  Wlated  or  single  vegetative  cells
S*  fnts  in  simple  mixtures  of  min-
culh,  He  fdt  that  the  results  of  such
ter-7  eX  P  eriment  s  should  give  some  in-

t,  ng  ins  i  ghts  into  the  ;  s  of
^^^^  ^It  to  the  experi-
ments  Woud  proyide  informadon  P^

'"^relationships  and  influences  to

which  cells  within  multicellular  whole  or-
ganisms  are  exposed.

Haberlandt's  experiments  were  not  en-
tirely  successful.  Although  his  isolated
cells  did  survive  for  a  short  time  and  oc-

divide -
Nonetheless,  his  paper  was  a  milestone  in
botanical  research,  for  it  represented  a
first  attempt  that  opened  the  way  for
development  of  what  is  now  a  useful  tool

>bing  basic  biological  questions,
for - promises  to  provic

important  horticultural  and  agri-
cultural  problems.

For  two  decades  after  Haberlandt's  pa-
per  appeared,  there  was  little  success  in
plant  cell  and  I

olated roots

for
salts  in  solution.  In  the  thirties,  Philip  K.
White,  an  American,  in  another  study  of
the  nutritional  requirements  of  isolated
roots,  demonstrated  that  with  the  use  of
carbohydrates  and  vitamins  in  addition  to
mineral  nutrients,  isolated  tomato  roots
could  be  grown  potentially  indefinitely.
The  roots  that  he  started  were  continued
in  culture  for  three  decades.

At  about  the  same  time,  White,  in  an-
other  study,  and  two  Frenchmen,  Gauth-
eret  and  Nobecourt,  all  independently  be-
gan  studies  of  the  growth  requirements
of  masses  of  cells  isolated  from  carrot
roots.  In  the  late  thirties,  each  developed
complex  mixtures  of  nutrients  which  per-
mitted  indefinite  growth  of  the  tissues  in



culture.  The  i norganized tissue:
as  they  are  sometimes  called,  were  the
first  true  tissue  cultures  in  the  strictest
sense  of  that  term.  Some  of  these  callus

laboratories  around  the  world.
Since  these  early  pioneering  studies,  a

great  deal  of  work  has  been  done  on  the
nutritional  requirements  of  isolated  plant
tissues.  Many  more  tissues  from  a  wide
variety  of  species  have  been  cultured.
Improvements  in  techniques  and  compo-

tures  of  substances  on  which  the  tissues
grow  —  have  permitted  smaller  and  small-
er  pieces  of  plant  tissues  to  be  cultured,
making  it  possible,  over  half  a  century
later,  to  accomplish  what  Haberlandt  set
out  to  do  in  1902,  namely,  to  induce
single  isolated  plant  cells  to  grow  and
divide.  That  success  was  not  achieved
sooner  is  not  surprising  if  one  considers
the  state  of  botanical  knowledge  in  Ha-
berlandt's  time.  The  essentiality  of  some
of  the  inorganic  elements  or  minerals  re-
quired  for  growth  of  plants  was  not  rec-
ognized,  nor  had  studies  yet  revealed  the
existence  of  a  large  number  of  organic
compounds  of  various  degrees  of  com-
plexity  that  are  involved  in  the  growth
of  plant  tissues.  When  these  compounds
were  recognized,  and  as  they  became
available,  researchers  were  able  to  test
their  effects  on  growth  of  isolated  plant
tissues.  Many  were  found  to  be  essential
for  growth  and  their  use  facilitated  fur-
ther progress.

One  result  was  that  single  cells  not
only  could  be  induced  to  grow  and  di-
vide,  but  also  to  regenerate  intact  plants.
Such  experiments  elegantly  confirmed  the
hypothesis  that  almost  every  cell  in  a
plant  under  proper  conditions  was  totipo-
tent,  or  capable  of  regeneration  into  a
whole  organism.  Such  experiments  also
represented  the  ultimate  in  vegetative
propagation,  with  nearly  every  cell  in  a
desirable  plant  having  the  potential  to

become  another  intact  plant.
Although  for  some  these  experiments

seemed  little  more  than  laboratory  curi-
osities,  bordering  on  science  fiction,  they
were  more  than  that.  The  experiments
illustrated  how  certain  chemicals,  plant
hormones  called  auxins  and  cytokinins.
regulated the direction and extent  of  plant
development.  Unorganized  tissues  treated
with  relatively  high  concentrations  of
auxin  and  low  concentrations  of  cytoki-
nin  would  develop  roots,  while  those
treated  with  relatively  high  concentrations
of  cytokinin  and  low  concentrations  of
auxin  would  develop  shoots.  Intermediate
levels  of  both  hormones  would  result  in
continued  growth  of  the  unorganized
tissue.  Similar  experiments  provided  in-
sight  into  how  other  compounds  were  in-
volved  in  the  growth  of  plant  tissues.

Modifications  of  the  procedures  in-
volved,  and  use  in  more  applied  pro-
blems,  has  resulted  in  a  technique  called
shoot  apex  culture.  In  this  P  rocedure  '  of
shoot  tip  consisting  of  the  tiny  mas
dividing  cells  at  the  shoot's  apex  and
few  of  the  very  small  undeveloped  fc»
adjacent  to  the  apex,  is  placed  on  a
plex  nutrient  medium.  Under  these  on
ditions,  the  shoot  tip  is  induced  to
tinue  growth  and  to  develop  roo  f  J  h
technique,  sometimes  incorreclyefer;
to  as  meristeming  or  mericloning,
been  used  to  propagate  such  ecoiiom^
important  plants  as  strawberry,  aspar  *
orchid,  gladiohis,  and  £°£*J,&
chids  the  technique  has  revo  ^^
the  marketing  of  certain  rare  an  ^^

m  „„,h.  y  8  subd  i  v  is  io„  r  f.he^X  t  >t
sue  into  four  new  plants,  cai  g  illion
the  end  of  a  year  to  well  over  j
progeny,  each  one  identical  to  theory
plant.  Conventional  propaga  1
yield  only  two  or  three  plants.

siderable  inttfe  s  ^  a  r^
i _>«/-«.Hnres to ^



plant  species.  Woody  plai
many  ornamentals  and  most  economically
important  forest  trees,  often  cannot  be
propagated  from  cuttings;  outstanding
specimens  must  be  propagated  from  seeds,
and  there  is  no  guarantee  that  seed-
propagated  progeny  will  have  all  the
desirable  characteristics  of  their  parents.
Also,  some  species  before  they  begin  pro-
ducing  seeds  may  be  30  to  50  years  old,
a  long  time  to  wait  for  a  plant  breeder
or  forester  who  has  only  one  lifetime  to
make  significant  progress  in  the  improve-
ment of a species.

Some  problems  remain,  however,  be-
fore  these  techniques  can  become  routine.
Often  each  plant  species  and  sometimes
each  variety  within  a  species  has  to  have
specific  requirements  met  before  it  may
grow  in  tissue  culture.  Unfortunately,
Progress  in  this  field  has  not  yet  reached
Ae  point  where  one  can  predict  with
certainty  how  a  particular  plant  will  re-
spond.  Thus,  it  is  not  only  necessary  to
attempt  to  adapt  existing  techniques  to
new  species,  but  also  to  investigate  the
very  basic  problems  of  how  a  plant  grows
and  develops.  If  the  exact  conditions  were
known  that  cause  undifferentiated  tissues
to  become  transformed  into  highly  organ-
12  ed  tissues  like  roots,  shoots,  and  leaves,
one  could  utilize  this  information  in
directing  the  differentiation  of  tissues

|aken  from  whatever  desirable  plants
atone  might  wish  to  propagate.

.  ^e  future  potential  of  tissue  culture
ln  Plant  propagation  may  not  be  nearly
"  'mportant  as  its  potential  in  plant
breeding.  The  basic  techniques  in  plant
Reding  have  changed  very  little  in  the
Past  40  years.  In  that  time,  however,
nose  techniques  have  permitted  tremen-

dous  increases  in  the  yields  of  many  econ-
'^  important  plants.  With  the  use

is  called  a  yield  plateau.  For  example,
when  hybrids  first  came  onto  the  agricul-
tural  scene,  potential  yields  of  some  crops
increased  at  the  rate  of  ten  to  twenty
percent  every  few  years.  Nowadays,  yields
of  those  same  crops  are  increasing,  at
most,  at  the  rate  of  one  to  two  percent
annually,  or  somewhat  less  than  the  rate
of  increase  of  the  world's  population.
Plant  breeders  are  now  at  the  point  where
their  major  efforts  are  concerned  with
modifying  existing  varieties  in  response
to  better  and  better  adapted  pests.  The
result  is  not  an  increase  in  yield,  but  in-
stead  an  attempt  to  maintain  current
yields  with  the  use  of  new  and  resistant
crop  varieties  as  the  old  varieties  become
susceptible  to  new  strains  of  fungi  and

Plant  breeders  thus  feel  the  need  for
an  infusion  of  new  techniques  and  knowl-
edge.  Bypassing  the  traditional  methods
and  utilizing  plant  cell  and  tissue  culture
may  be  the  answer.  Plant  tissue  culture
has  already  been  of  some  value.  For  a
number  of  years,  when  some  potentially
valuable  plant  hybrids  l
obtain  due  t

difficult

prospective  parei ital stocks, vat and

hybrids,  yields  of  many  crop  plants
than  doubled.  Unfortunately,

mat  ^  °  f  mCfease  are  slow
V  s  ay  that  we  are  approaching  what  hybrids.  This  is

culture  of  the  developing  hybrid  embryo
as  a  kind  of  test  tube  offspring  permitted
obtaining  a  viable  hybrid.

More  recently,  techniques  have  been
developed  which  allow  not  just  cultiva-
tion  of  single  cells,  but  the  isolation  and
culture  of  naked  protoplasts,  plant  cells
from  which  the  cell  wall  has  been  dis-
solved  by  enzymes.  Such  naked  proto-
plasts  can  reform  new  cell  walls  and  go
on  to  make  entire  plants.  They  can  also
be  induced  to  fuse  or  to  engulf  particles
like  viruses  (  chloroplasts,  and  DNA
strands.  The  implications  are  immense.
Fusion  of  protoplasts  from  different  plant
species  thus  bypassing  the  normal  sexual
process  and  all  its  incompatibility  bar-
riers,  could  result  "

far-fetched  i
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a  section  of  twig,  is  treated  to  re-
•  bacteria and fungi,  and then placed

ing  the  minerals  essential  for  growth,  |

Figure  2.  //  the  right  minerals,  carbohy-

drates,  growth  substances,  and  cofactors
are  present,  and  if  they  are  present  in  the
right  amounts,  cells  in  the  tissue  will  di-

vide  and  grow  forming  a  callus.

Figure  3.  The  callus  can  then  be  sub-

cultured,  i.e.,  transferred  to  fresh  *>»

tures  of  nutrients  which  will  s**«*

further  growth.
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Adjustment  of  the  kinds  and
added  will  deter-

Figure  5.  Other  combinations  of  n

may  result  in  initiation  of  organ
sues  like  shoots  or,  as  in  thts  cos



may  seem;  it  has  already  been  achieved
between  two  different  species  of  tobacco.

Instead  of  transferring  all  the  informa-
tion  from  one  species  to  another  and
creating  a  new  hybrid,  it  may  become
possible  to  improve  existing  species  by
selective  transfer  of  only  part  of  the  ge-
netic  information  of  another  species.  Plant
physiologists  now  know  that  some  plants
are  photosynthetically  much  more  effi-
cient  than  others.  Among  the  efficient
plants  are  corn  and  crabgrass;  inefficient
plants  include  wheat  and  soybeans.  Since
naked  protoplasts  have  the  capacity  to
engulf  chloroplasts  and  mitochrondria,
some  have  suggested  replacing  the  photo-
synthetic  apparatus  of  inefficient  species
with  that  from  more  efficient  species.
Others  have  suggested  that  instead  of
transferring  the  entire  photosynthetic  ma-

chinery  it  may  only  be  nc
fer  strands  of  DNA.  This  g^"!

mation  would  allow  the  recipient  «j»
to  synthesize  for  themselves  the  ^
efficient  forms  of  cellular  ta)daB  ^^
enzymes.  There  has  been  a  stef  >  »
direction.  Tomato  tissues,  for  e  rj
cannot  utilize  the  sugars  g^fctose  ^
lactose.  But  if  strands  of  DNA  ^
Iated  from  a  bacterium  that  {
these  sugars,  and  if  the  strands  ot^

are  then  incorporated  into  »  ^  ^
cells,  the  cells  develop  the  at>u  «7

using  the  two  sugars.  ^  able
Although  we  have  not  as  ye  ^

to  transfer  functional  strands
from  one  higher  plant  to  ano*er  w
considerable  impetus  to  do  th*  ^

plication  could  ^>
crops:  corn,  wheat,  rice,  »
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