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S u m m a r y .  Recen t  pol l ina t ion  e x p e r i m e n t s  with highly i r r a d i a t e d  (100,000 r )  pol len in Nicotic~a have  shown 
that  r a d i a t i o n - " p u l v e r i z e d "  pol len  c h r o m a t i n  can cause  gene t i c  t r a n s f o r m a t i o n  of the egg.  A new model  is  
p r o p o s e d  h e r e  fo r  i n t eg ra t ion  of c h r o m a t i n  f r a g m e n t s  into host  c h r o m o s o m e s .  It i s  a lso  p r o p o s e d  that h e t e r -  
o c h r o m a t i n  may  be involved  in the p r o c e s s  of gene t r a n s f e r ,  and in the phenomena  of m e io t i c  d r i v e  a s s o -  
c i a t ed  with gene  t r a n s f e r .  

It is s u g g e s t e d  that th is  d i s c o v e r y  th rows  new light on the phenomenon of " g r a f t - h y b r i d i z a t i o n " .  In sp i te  
of many  r e p o r t s  to the c o n t r a r y ,  " g r a f t - h y b r i d s "  have  so fa r  been  expla ined  only on the ba s i s  of t h e i r b e i n g  
c h i m a e r a s .  A m e c h a n i s m  is  sugges t ed  h e r e  by which they may  r e s u l t  f rom gene t i c  t r a n s f o r m a t i o n .  

In t roduc t ion  

Recen t  pol l ina t ion  e x p e r i m e n t s  with Nicotiana have  shown 

that spec i f i c  genes  f r o m  po l len ,  which hadbeen  exposed  

to a high dose  of r ad ia t ion  (100,000 r ) ,  could be t r a n s -  

f e r r e d  to the egg nuc leus  without actual  g a m e t i c  fus ion 

(Pandey  1975) .  The highly i r r a d i a t e d p o l l e n  is s t i l l  able  

to g e r m i n a t e  and c o m p l e t e  pol len  tube growth  but can -  

not ef fec t  n o r m a l  f e r t i l i z a t i o n .  It was sugges t ed  that 

the r a d i a t i o n - " p u l v e r i s e d "  po l len  c h r o m a t i n  i s  d i s -  

c ha rged  into the egg,  and this  ac ts  as  " p s e u d o - f e r t i l i -  

z a t i o n " .  The block to ce l l  d iv i s ion  in the egg is  l i f ted  

as usual  and the c h r o m o s o m e s  a r e  r e p l i c a t e d ,  but the 

p r e s e n c e  of d i s o r g a n i z e d  pol len  c h r o m a t i n  p r e v e n t s  a 

n o r m a l  mi to t i c  d iv i s ion .  This r e s u l t s  in a diploid egg 

with the " induced"  phys io logy  of a zygo te .  P r e s u m -  

ably,  at l e a s t  in c e r t a i n  c e l l s ,  the  f r e e  c h r o m a t i n  f r a g -  

men t s  a r e  rap id ly  deg raded  o r  lo s t ,  and t he i r  d i s o r g a -  

n iz ing e f fec t s  soon o v e r c o m e  to p e r m i t  subsequent  d i -  

v i s i ons  to o c c u r  n o r m a l l y .  The r e su l t i ng  e m b r y o  is  a 

pa r t henogene t i c  d ip lo id .  

1. Model  of ~ene t r a n s f e r  

It was f u r t h e r  sugges t ed  that  the f r a g m e n t s  of po l len  

c h r o m a t i n  may  o c c a s i o n a l l y  a s s o c i a t e  with t h e i r  ho-  

mo logues  in the egg c h r o m a t i n ,  and this  may  lead  to 

subs t i tu t ion  o r  addit ion dur ing r e p l i c a t i o n .  H o w e v e r ,  

in the p r e v i o u s  mode l  expla in ing  t he se  r e s u l t s  ( P a n -  

dey 1975),  no de ta i l s  w e r e  g iven r e g a r d i n g  the p o s s i -  

ble  m o l e c u l a r  even t s  lead ing  to addit ion and subs t i t u -  

t ion s t a t e s .  F i g .  1 p r o v i d e s  a m o r e  p r e c i s e  model  of 

gene t r a n s f e r  in which a s ing le  m o l e c u l a r  m e c h a n i s m  

accounts  fo r  both addit ion and subs t i tu t ion .  Addit ion is  

the p r i m a r y  even t ,  and the subs t i tu ted  s t a t e  i s  s econd -  

a r i l y  d e r i v e d  by l o s s  of a d i sp l aced  s t r a n d  of the o r i -  

ginal  DNA. 

One of the in t r igu ing  c h a r a c t e r i s t i c s  r e v e a l e d  in the 

t e s t c r o s s e d  p rogeny  of the t r a n s f o r m e d  seed l ings  of 

Nieotiana o c c u r r e d  in t r i a l l e l i c  p l an t s .  H e r e  the po l len  

gene ,  in addit ion to the m a t e r n a l  gene ,  was be l i eved  

to have  been i n c o r p o r a t e d  into the c h r o m o s o m e .  How- 

e v e r ,  it was the o r ig ina l  m a t e r n a l  a l l e l e ,  and not the 

addi t ional  pol len a l l e l e ,  which tended to be lo s t .  The 

p r e s e n t  model  ( F i g .  1) exp la ins  why it should be so .  

2. P r o p o s e d  r o l e  of h e t e r o c h r o m a t i n  

Another  in t r igu ing  p r o p e r t y  r e v e a l e d  by the t e s t c r o s -  

sed  p rogeny  c o n c e r n e d  a g e n e r a l  s e l e c t i o n  in f avour  

of g a m e t e s  conta ining the t r a n s f e r r e d  gene .  It is  sug -  

g e s t e d  h e r e  that a gene t r a n s f e r  is  usua l ly  a s s o c i a t e d  

with a " h e t e r o c h r o m a t i z a t i o n  effect"  in the g e n o m e s  

which c a r r y  i t .  F i r s t l y ,  the s t r u c t u r a l  genes  which 

a r e  t r a n s f e r r e d  may  t h e m s e l v e s  be a s s o c i a t e d  with 

h e t e r o c h r o m a t i c  r e g i o n s ,  thus imply ing  that t h e r e  is 

a selection of genes which maybe transferred. Second- 

ly, chromatin fragmentation may possibly produce a 

heterochromatization effect at the breakpoints, as 

pointed out by Brink ( 1964 ). There are reported ef- 

fects of heterochromatin on chromosome movement 

in maize and other plants (Rhoades andDempsey1966; 

Grant 1975). Genomes carrying a transfer (or asig- 

nificant number of transfers) may therefore show ac- 

celerated movement on the spindle at meiosis, which 
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Fig. I. Suggested series of events leading to gene transfer (Dotted lines indicate the orig- 
inal pollen-derived chromatin fragment). (a) Double-stranded DNA fragment with single- 
stranded tails generated by irradiation (or other form of pulverization). (b) Fragment 
makes initial chance, or directed, contact with homologous segment undergoing replica- 
tion, and is held in register by pairing of single-stranded tail. (c) Fragment inserts into 
nick associated with replication, displacing original DNA strand. When a new DNA chain 
is assembled behind the replication fork the foreign fragment is incorporated in situ in 
its double-stranded form. (d) If the original displaced DNA segment is lost, the cell will 
have a biallelic substitution state. (e) If the original displaced segment remains attached 
as an "exosome" the transformed cell will show a triallelic addition state. An addition 
may ultimately give tissue producing three types of gametes - normal, substitution and 
addition. A substitution chromatid is derived from the addition chromatid by replication 
(of the right-hand strand containing no addition) , or by loss of the "exosome" 

m a y  l e a d  to p r e c o c i o u s  m a t u r i t y  of  t h e  r e s u l t i n g  n u -  

c l e i .  T h i s  m a y  l e a d  in  t u r n  to  c o m p e t i t i o n  w i t h i n  t h e  

c o m m o n  c y t o p l a s m  of  t h e  s p o r e  m o t h e r  c e l l  a n d  i n -  

v i a b i l i t y  of t h e  two  l a t e r  m a t u r i n g  s p o r e s  w h i c h  do not  

c a r r y  t h e  t r a n s f e r r e d  g e n e .  If  t h i s  w e r e  to  o c c u r  in  

b o t h  m a l e  a n d  f e m a l e  s e x  o r g a n s  t h e  p r o g e n y  w o u l d b e  

h o m o z y g o u s  f o r  t h e  t r a n s f e r r e d  g e n e ,  a s  i s  f o u n d  r e -  

g u l a r l y  in  DNA i n d u c e d  t r a n s f o r m a t i o n s  in  A r a b i d o p s i s  

( L e d o u x ,  H u a r t  a n d  J a c o b s  1971 ,  1974)  a n d  P e t u n i a  

( H e s s  1969 ,  1 9 7 3 ) ,  bu t  o n l y  o c c a s i o n a l l y  in  t h e  c a s e  

of  Nicoti~na t r a n s f o r m a t i o n s .  

In  t h e  N i c o t i a n a  t r a n s f o r m a t i o n s  t h e  s u g g e s t e d  m e i -  

o t i c  d r i v e  in  f a v o u r  of  t h e  s u b s t i t u t e d  g e n e ,  t h e  u s u a l  

loss of the original gene rather than the new gene in a 

plant with an addition, and the possibility that there is 

a selection for heterozygosity at the replication level 

in the egg, would all seem to be peculiarly advanta- 

geous characteristics in plant improvement. 

3. "Graft-hybrids" 

There is a striking similarity between genetic trans- 

formation in ~coti~na and certain cases of "graft-hy- 

bridization" reported by Soviet and Eastern bloc ge- 

neticists and horticulturists. These workers persis- 

tently claimed that heritable characters could be trans- 



Kamla  K. Pandey:  Gene t ic  T r a n s f o r m a t i o n  and " G r a f t - H y b r i d i z a t i o n "  301 

mi t t ed  by g r a f t i n g .  To take one e x a m p l e ,  in 1955, the 

B e l g r a d e  s c i e n t i s t ,  G lav in i c ,  c l a i m e d  to have  h e r i t a -  

bly t r a n s m i t t e d  t h r e e  s ing le  gene  Mende l ian  c h a r a c -  

t e r s  in tomato  (cut leaf  r a t h e r  than potato l ea f ,  ye l low 

f ru i t  r a t h e r  than r ed  and shor t  f ru i t  r a t h e r  than long) 

f r o m  the v a r i e t y  ' K a r t o f e l i s n i '  used  as s tock  to the 

v a r i e t y  'Golden  Trophy '  used  as s c ion .  Scions  w e r e  

g ra f t ed  as young seed l ings  at the co ty l edona ry  s t a g e .  

S ign i f i can t ly ,  it was the f i r s t  gene ra t i on  s e e d l i n g s ,  

p roduced  f r o m  se l fed  f ru i t s  of the s c ion ,  and not the 

sc ion  i t s e l f ,  that p roduced  v a r i o u s  combina t ions  of 

s tock  and sc ion  c h a r a c t e r s .  When one plant of each 

combina t ion  was s e l f ed ,  t h e r e  was a g e n e r a l  t enden-  

cy to b r e e d  t r u e ,  al though c o n s i d e r a b l e  s e g r e g a t i o n  

a lso  o c c u r r e d .  These  r e s u l t s  ru l e  out c h i m a e r i s m ,  

the only explanat ion  so f a r  c o n s i d e r e d ,  as  being the 

b a s i s  of g r a f t - h y b r i d s  (Baur  1919; J o r g e n s e n  and 

Crane  1927; Dar l ing ton  and M a t h e r  1949; C r a m e r  

1954).  The fol lowing working hypo thes i s  is p roposed  

to account  fo r  g r a f t - h y b r i d i z a t i o n  phenomena :  

When t i s s u e s  a r e  cut fo r  g ra f t ing  s o m e  c e l l s  may  

be weakened  o r  have  p a r t s  of t h e i r  wal l s  r e m o v e d .  

This may  o c c a s i o n a l l y  lead  to fus ion of s tock  a n d s c i o n  

p r o t o p l a s t s  at the graf t  i n t e r f a c e .  If such a fus ion in-  

v o l v e s  a s tock  ce l l  at the S phase  and a sc ion  ce l l  at 

the M p h a s e ,  then by analogy to the phenomenon of 

p r e m a t u r e  c h r o m a t i n  condensa t ion  in fused an ima l  

c e l l s  (Boyd and H a r r i s  1973; Maz i a  1974),  t h e c h r o -  

mat in  of the s tock ce l l  may  be p u l v e r i s e d .  Such f r a g -  

men t s  may  r e m a i n  in the ce l l  in which they w e r e  f o r -  

med  o r  m o v e  into ne ighbour ing  c e l l s  through cy to -  

p l a s m i c  connec t ions .  They may  a lso  m o v e  through 

the v a s c u l a r  t i s s u e  of the sc ion  to nea rby  m e r i s t e -  

ma t i c  t i s s u e .  If f r a g m e n t s  of s tock  c h r o m a t i n  a r e  ge -  

n e r a t e d  in,  o r  taken up by,  a dividing ce l l  of t h e s c i o n  

they may  be i n t eg ra t ed  into the sc ion  c h r o m o s o m e s  in 

the s a m e  way as has  been  p r o p o s e d  h e r e  fo r  gene  

t r a n s f e r  in Nievtiana.  If i n t eg ra t ion  o c c u r s  in a bud 

m e r i s t e m ,  the s i z e  of the m e r i s t e m ,  the pos i t ion  of 

the t r a n s f o r m e d  c e l l ,  and the behav iour  of i ts  d e s -  

cenden ts  in subsequen t  ce l l  c y c l e s ,  t o g e t h e r  with the 

de ve lopmen ta l  phase  at which the e x p r e s s i o n  of the 

p a r t i c u l a r  gene  o c c u r s ,  will  d e t e r m i n e  the extent  to 

which the t r a n s f o r m e d  c h a r a c t e r  i s  e x p r e s s e d  in the 

sc ion  and t r a n s m i t t e d  to i ts  p r o g e n y .  The e x p e r i m e n -  

tal  s y s t e m  used  by Glav in ic  would appea r  to have  made  

e f f ec t i ve  use  of t r a n s f o r m i n g  f r a g m e n t s  s i nce  the sc ion  

was a seed l ing  with an e x t r e m e l y  s i m p l e  t i s s u e  s y s -  

t e m ,  c o m p r i s i n g  only the hypocoty l ,  co ty ledons  and, 

mos t  s ign i f i can t ly ,  only a s i ng l e  s m a l l  apica l  bud. 

N e v e r t h e l e s s ,  the pos s ib i l i t y  of suf f ic ien t  p u l v e r i s e d  

c h r o m a t i n  thus being ava i l ab l e  would n o r m a l l y  be ex -  

t r e m e l y  r a r e ,  hence  the  g rea t  d i f f icul ty  of r e p e a t a b i -  

l i ty  of r e s u l t s .  

If t r a n s f o r m a t i o n  o c c u r s  at the graf t  i n t e r f a c e  un- 

de r  condi t ions  which favour  ca l l u s  o r  bud f o r m a t i o n  at 

the  graf t  union ( e . g .  m a t u r e  sc ion  on m a t u r e  s t o c k ) ,  

then the e x p r e s s i o n  of the t r a n s f o r m e d  c h a r a c t e r  in 

advent i t ious  shoots  will  depend,  as  above ,  among o th-  

e r  f a c t o r s ,  on the fa te  of the o r ig ina l  ce l l  and i ts  d e s -  

cendents  and on the deve lopmen ta l  phase  at which the 

e x p r e s s i o n  of the t r a n s f o r m e d  g e n e ( s )  o c c u r s .  In 

c e r t a i n  c a s e s  " c h i m a e r a l "  shoots  may deve lop  f rom 

the graf t  union.  Some of the unusual  c h a r a c t e r i s t i c s  

of g r a f t - h y b r i d s  and g r a f t - c h i m a e r a s  r e p o r t e d  in the 

past  may  be b e t t e r  unders tood  in th is  con tex t .  

If a "heterochromatization effect" accompanies 

transformation in the graft system, as suggested here 

to account for preferential recovery of gametes car- 

rying gene transfers in Nieotico~a, a change in cell cy- 

cle dynamics might favour a transformed cell in com- 

petition with neighbouring normal meristematic cells. 

The above hypothesis suggests certain refinements 

which might enable the breeder to use graft-hybridi- 

zation as a standard technique in plant improvement 

programs. For example, somatic cell hybridization 

methodology (Gamborg et al. 1974), may be applica- 

ble "in vivo"in the graft system. The following refi- 

nements might be tested: - 

(I) Enhancement of numbers of cell divisions in 

the immediate vicinity of the graft by choice of graft 

site or chemical pretreatments of stock and scion. 

(2) Treatment of cut surfaces with cellulases tore- 

move cell end walls from intact protoplasts. 

(3) Treatment of cut surfaces with polyethylene gly- 

col (or other agent) to stimulate protoplast fusions. 

(4) Use of conditions, e.g. mature scion on ma- 

ture stock, which favour growth of buds directly from 

the graft union or growth of wound callus around the 

graft site. 

In the field of plant improvement, techniques of gene 

transfer from irradiated pollen, and graft "transfor- 

mation" may provide simpler alternatives to in vitro 

transformation, mutagenesis, somatic cell hybridiza- 

tion and regeneration in tissue culture. These two sim- 
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ple techniques not only may reduce the time needed to 

produce a new variety, but also, by breaking down 

linkage relationships, may allow selective transfer of 

desirable genes alone from relatively distantly related 

species. 

Extract from the Guest Lecture (Transformation, 
Politics and Plant Improvement) given at the Annual 
Conference of European Association of Atomic Energy 
in Agriculture on the 10th September, 1975, in Cadar- 
ache, France. Since then the author's attention has 
been drawn to a recent paper "Hereditary changes in 
Capsicum c~nu~n L. I. Induced by ordinary grafting" by 
Y. Ohta and P.V. Chuong (Euphytica24, 355-368, 1975). 
To the author's knowledge, this is the first report on 
"graft-hybrids" by scientists from non~Eastern bloc 
countries. The results reported are extraordinarily par- 
allel to those obtained by Glavinic through grafting in 
tomato and by the present author through egg trans- 
formation in Nicotiana, and furnishes further proof, 
if one was needed, of the genuineness of the phenome- 
non of "graft-hybrids", thus strengthening the possi- 
bility discussed here that genetic transformation may 
be involved. 
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