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Somatic Hybridisation of Daucus carota and D. capillifolius 
by Protoplast Fusion 
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S u m m a r y .  P r o t o p l a s t s  i so l a t ed  f rom cu l tu red  c e l l s  of albino c a r r o t  (Daucus carota) and no rma l  g r e e n  
D. e a p i l l i f v l i u s  w e r e  fused by po lye thy lene  g lyco l .  Se lec t ion  of som a t i c  hybr id  p lants  was based  on the 
r e s t o r a t i o n  of photosynthe t ic  function in hybr ids .  Green  p lan t le t s  s e l e c t e d  f rom e m b r y o  cu l t u r e s  w e r e  
c h a r a c t e r i z e d  on the bas i s  of l ea f  morpho logy .  The i n t e r s p e c i f i c  p ro top las t  fusion r e s u l t e d  in g r een  plants  
with l e a v e s  whicb w e r e  i n t e r m e d i a t e  be tween  those  of  the p a r e n t s .  The s o m a t i c  hybr ids  be tween  o range  
roo t ed  c a r r o t  v a r i e t y  and D. e a p i l l i f o l i u s  with long white roo t s  p roduced  long,  white and f leshy r o o t s .  The 
cy to log ica l  ana lys i s  of p a r a s e x u a l  hybr ids  r e v e a l e d  that the c h r o m o s o m e  number  r anged  f rom 34 to 54. 
The mos t  f requent  c h r o m o s o m e  number  was 2n = 36. Hybr ids  w e r e  a l so  found with 34 and 35 c h r o m o -  
s o m e s .  The soma t i c  hybr id  showed the s a m e  i s o e n z y m e  pa t t e rn  of l ea f  p e r o x i d a s e  as D. carv ta .  
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In t roduct ion  

Genet ic  a l t e r a t i o n  of h igher  plants  by p a r a s e x u a l  

means  is  being ex t ens ive ly  s tudied  using va r ious  ex-  

p e r i m e n t a l  a p p r o a c h e s .  P r o g r e s s  in t echniques  of 

plant p ro top las t  fusion has made  it p o s s i b l e  to hyb r i -  

d ize  s o m a t i c  plant  c e l l s  (Ke l l e r  and M e l c h e r s  1973; 

Kao and Michayluk 1974; Wall in et a l .  1974)~ Plant  

r e g e n e r a t i o n  f rom cu l tu red  p ro top l a s t s  has  been  r e -  

po r t ed  for many plants  ( r e v i e w  by Gamborg  1976).  

The r e c e n t l y  ava i l ab le  r e s u l t s  in soma t i c  hybr id i -  

sa t ion  have  been  ach ieved  with sexua l ly  compa t ib l e  

plants  ~ Fus ion  of p ro top la s t s  has  r e s u l t e d  in i n t r a -  

spec i f i c  hybr id  p lants  be tween chlorophyl l  def ic ien t  

mutants  of Nievtiana tabaeum ( M e l c h e r s  and Labib 

1974; Gleba et a l .  1975) as well  as  in i n t e r s p e c i f i c  

s o m a t i c  hybr ids  be tween  N. glauca and N. langsdorffii 

( C a r l s o n  et a l .  1972; Smith et a l .  1976),  N. tabacum 

and N. s i l v e s t r ~ s  ( M e l c h e r s  1976),  and Petunia hybr~da 

and P.parodi i  ( P o w e r  et a l .  1976).  So f a r ,  s o m a t i c  

hybr ids  have  been  produced  us ing only so lanaceous  

s p e c i e s .  

The p r e s e n t  pape r  r e p o r t s  on the produc t ion  of in-  

t e r s p e c i f i c  s o m a t i c  hybr ids  be tween  Oaueus earota 

and D . e a p i l l i f o l i u s .  The sexual  hybr ids  of these  spe -  

c i e s  w e r e  p roduced  and c h a r a c t e r i z e d  by McCol lum 

(1975) .  F r o m  those  e x p e r i m e n t s ,  it is  known that 

the p a r e n t s  and F 1 plants  can be morpho log ica l l y  

d i s t inguished .  In o r d e r  to r e c o v e r  s o m a t i c  hybr id  

e m b r y o s  and p lan t l e t s ,  p ro top l a s t s  i so l a t ed  f rom ce l l  

cu l t u r e s  of albino c a r r o t  (D. carota) and g reen  P. ca- 

p i l l i f o l i u s  plants  w e r e  fused.  Af te r  s e l e c t i o n  of 

g r e e n  p lants  the ident i f ica t ion  of s o m a t i c  hybr ids  

was based  on the d i f f e r ences  in l ea f  c h a r a c t e r i s t i c s .  

Mate r i a l  and Methods 

Seeds of  c a r r o t  (D. car~ta, c . v .  ' N a n t a i s e  Slendero ' )  
w e r e  t r e a t e d  with 0.1 ~ e thy lmethansu lphona te  (EMS) 
for  24 h r s  at r o o m  t e m p e r a t u r e  p r i o r  to g e r m i n a t i o n .  
Af te r  s e l f -po l l i na t i on  of the r e s u l t i n g  p lan t s ,  2 albino 
c a r r o t s  w e r e  s e l e c t e d  in the M~' gene ra t i on .  Cel l  s u s -  
pens ion  cu l t u r e s  e s t ab l i shed  f rom ca l lus  t i s s u e s  of 
albino plants  w e r e  main ta ined  on C8 I medium con-  
ta ining the fol lowing components  ( r a g / l )  : NH4NO3, 
1000; NH4 c i t r a t e ,  100; u r e a ,  100; MgSO4. 7H~O, 
250; CaC12 -2H~O,  400; KH2PO4, 100; NaI-ICOa, 150; 
m i c r o n u t r i e n t s  as  in B5 med ium (Gamborg  and E v e -  
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leigh 1968) : n icot in ic  ac id ,  1 ; th iamine-HC1,  10; py-  
r idoxine-HC1,  1; m - i n o s i t o l ,  200; fo l ic  ac id ,  1; N - Z  
Amine  type A, 250; yeas t  e x t r a c t ,  100; s u c r o s e ,  
20000; g lucose ,  10000; 2 , 4 -d i ch lo rophenoxyace t i c  
ac id ,  0 .55 ; naphtha leneace t ic  ac id ,  0 .9  ; final pH : 5 .6  ~ 
The e m b r y o g e n i c  capac i ty  of the albino c a r r o t  ce l l  
l ines  was t e s t ed  in h o r m o n e - f r e e  m e d i u m .  

The seeds  of D. c a p i l l i f o  l ius  and P. carota • P. ca- 
p i l l ~ o l i u s  sexual  hybr id  (2n = 18) w e r e  kindly p r o -  
vided by Dr .  G . D .  McCol lum ( U . S .  Depa r tmen t  of 
Agr i cu l tu r  e,  P lan t  Genet ics  and G e r m p l a s m  Ins t i tu te ,  
B e l t s v i l l e ,  Maryland,  U . S . A . ) .  Cel l  cu l tu re s  of 
D. c a p i l l i f o l i u s  w e r e  in i t ia ted  f rom ca l lus  t i s s u e .  The 
ce l l s  w e r e  cu l tu red  in B5 med ium (Gamborg  and E v e -  
leigh 1968) containing 1 rag/1 2 , 4 - d i c h l o r o p h e n o x y a -  
ce t i c  ac id .  

The i so la t ion  p r o c e d u r e  for p ro top l a s t s  f rom the 
cu l tu red  ce l l s  was the s a m e  as d e s c r i b e d  p r e v i o u s l y  
(Dudits et a l .  1976).  Fus ion  of p ro top la s t s  was in-  
duced by polye thylene  glycol  (PEG Mw. 1540) a c c o r d -  
ing to methods  d e s c r i b e d  by Kao and Michayluk ( 1974 ) .  
The PEG t r e a t e d  p ro top l a s t s  w e r e  cu l tu red  in C8 IV 
med ium p r e p a r e d  f rom C8 I medium with the fol low- 
ing supp lements  ( r ag / l )  : L -g lyc ine ,  10; L -g lu t amine ,  
100; L- t ryp tophan ,  10; L - c y s t e i n e ,  10; L -me th ion ine ,  
5; chol ine ,  10; coconut  wa te r ,  1 0 m l .  The o sm o t i c  
s t a b i l i z e r  was g lucose  (0 .38 M) .  Naphtha leneace t ic  
ac id  (0 .18  rag / l )  and zea t in  (0 .11 mg/1)  w e r e  used  
as plant h o r m o n e s .  

Af te r  t h r e e  weeks  of  cu l tu r ing ,  sma l l  e m b r y o s  
and c a l l u s e s  had developed and w e r e  t r a n s f e r r e d  f rom 
p las t i c  pe t r i  d i shes  to f lasks  and cu l tu red  in C8 I m e -  
dium lacking plant h o r m o n e s .  

Green ,  young l e a v e s  of D. carota~ O. c a p i l l i f o  l ius  
and of s o m a t i c  hybr ids  grown under  con t ro l l ed  condi-  
t ions w e r e  used  in e l e c t r o p h o r e t i c  s t ud i e s .  F o r  en-  
z y m e  p r e p a r a t i o n  the fol lowing two methods  w e r e  
used :  

1) O n e - g r a m  s a m p l e s  of l e a v e s  w e r e  homogen ized  
in 2 m l  of cold  s u c r o s e  solut ion ( 1 2 . 5 g )  with DTT 
(0 .14 m g / m l )  acco rd ing  to Honold et a l .  (1966) .  The 
ex t r ac t  was cen t r i fuged  at 5000 g for  10 minu tes  and 
the superna tan t s  w e r e  cen t r i fuged  at 41 300 g for  1 
hour at 4aC. 

2) One g r a m  of l e a v e s  was homogen ized  in a c e -  
tone ( S r i v a s t a v a  and Van Huys tee  1973) and was c e n -  
t r i fuged  at 5000 g for  10 minu t e s .  The p r e c i p i t a t e  ob-  
ta ined on cen t r i fuga t ion  was d i s so lved  in T r i s - c i t r a t e  
buffer  pH = 8,3 with 17g of s u c r o s e  and 0.1 g of 
a s c o r b i c  ac id  and 0.1% of cys t e ine  ( F r i c  1 9 7 i ) .  Af te r  
cen t r i fuga t ion  the superna tan t s  w e r e  cen t r i fuged  at 
41 300 g for  i hour at 4~ (Sorva l l  s p r e s p e e d  RC2-P  
au tomat ic  r e f r i g e r a t e d  c e n t r i f u g e ) .  

P r i o r  to e l e c t r o p h o r e s i s  the s a m p l e s  w e r e  s t o r e d  
at -10~ Anodic s epa ra t i on  was conducted acco rd ing  
to the p r o c e d u r e s  d e s c r i b e d  by Davis  (1964) .  Gel co-  
lurnns w e r e  composed  of  7 ~ ( w / v )  p o l y a c r i l a m i d e  in 
the s epa ra t i on  sec t ion  and 2 .5  ~ ( w / v )  p o l y a c r i l a m i d e  
in the s p a c e r  and s a m p l e  sec t ion .  Af te r  e l e c t r o p h o r e -  
s i s  at 4~ o -d i an i s i d ine  was used  for de tec t ion  of 
p e r o x i d a s e s  (Mac Donald and Smith 1972).  

Resu l t s  

In r e c e n t  e x p e r i m e n t s ,  the s e l e c t i o n  of som a t i c  hy-  

b r ids  has  been based  on the r e s t o r a t i o n  of  photosyn-  

the t ic  function in albino ce l l s  a f t e r  i n t e r s p e c i f i c  p r o -  

toplas t  fus ion .  Green  p lan t le t s  w e r e  s e l e c t e d  and 

subsequent ly  c h a r a c t e r i z e d .  Desp i te  an inh ib i to ry  e l -  

fect  of C8 IV cu l tu re  med ium on d iv is ion  and e m b r y o -  

genes i s  in P. aapillifolius c e l l s ,  g r e e n  D. capillifolius 

plants  could  a lso  develop f rom pro top las t  c u l t u r e s .  

T h e r e f o r e  it  was n e c e s s a r y  to d is t inguish  the g r een  

som a t i c  hybr ids  f rom D.capillifolius p lan t s .  Ident i -  

f ica t ion  of r e g e n e r a t e d  plants  was c a r r i e d  out on the 

bas i s  of d i f f e r ences  in the leaf  morpho logy .  The in-  

t e r s p e c i f l c  fusion p roduc t s  r e s u l t e d  in g r een  plants  

with l eaves  which w e r e  i n t e r m e d i a t e  be tween  those  of  

the pa r en t s  ( F i g s .  1, 2 ) .  The i n t e r m e d i a t e  leaf  shape 

was a lso  c h a r a c t e r i s t i c  of the diploid F 1 gene ra t ion  

of sexua l  hybr ids  (McCol lum 1975).  

As another  morpho log ica l  f e a t u r e ,  d i f f e r ences  

w e r e  found in the p r e s e n c e  o r  absence  of,  and in the 

shape of,  l ea f  h a i r s .  Un ice l l u l a r ,  pointed h a i r s  could 

be seen  at the ap ices  of the l ea f l e t s  of  D. carota and 

the main  l ea f l e t s  of D. capillifolius l ack  apica l  h a i r s .  

Ha i r s  w e r e  p r e s e n t  at the ap ices  and edges  of the l ea f -  

le t  of som a t i c  hybr ids  and w e r e  s i m i l a r  to those  of 

D . carota. 

The c h a r a c t e r i s t i c  roo t  morphology  of  the fusion 

p a r t n e r s  and som a t i c  hybr ids  is  shown on F i g .  3. The 

plants  of o r a n g e - r o o t e d  c u l t i v a r ,  'Nanta ise  Slendero '  

have f leshy r o o t s .  P. c a p i l l i f o l i u s  is  r e c o g n i z a b l e  

by i t s  long,  white  r o o t s .  The som a t i c  hybr ids  p r o -  

duced long,  white and f leshy r o o t s .  

The s tab i l i ty  of the albino mutant  phenotype was 

t e s t ed  in ce l l  and p ro top las t  c u l t u r e s .  In cont ro l  ex-  

pe r i rnen t s ,  7 x i06 p ro top la s t s  of an albino cel l  l ine  

w e r e  induced to fuse  by PEG t r e a t m e n t  (Table 1 ) .  

8 X 103 c a l l u s e s ,  e m b r y o s  and p lan t le t s  w e r e  r e g e n -  

e r a t e d  f r o m  these  cu l t u r e s  without the appea rance  of 

a s ing le  g r e e n  r e v e r t a n t .  Af te r  i n t e r s p e c i f i c  fusion,  

the number  of g r een  c a l l u s e s  and p lan t le t s  w e r e  102 

f r o m  1.4 x 106 p r o t o p l a s t s .  65 plants  p roved  to be 

som a t i c  hybr ids  on the bas i s  of leaf  c h a r a c t e r i s t i c s .  

The diploid c h r o m o s o m e  number  i s  18 for D. carota. 

The bas ic  c h r o m o s o m e  number  of  P. c a p i l l i f o l i u s  

has not been p r e v i o u s l y  counted.  In our e x p e r i m e n t s ,  

the diploid c h r o m o s o m e  number  of D. c a p i l l i f o l i u 8  

p r o v e d  to be  18 in root  m e r i s t e m  and cu l tu red  c e l l s .  

Resu l t s  of the cy to log ica l  ana lyses  of 12 s oma t i c  hy-  

b r ids  showed that the c h r o m o s o m e  number  r anged  

f rom 34 to 54. The mos t  c o m m o n  number  was 2n = 

36 in the root  t ips  of t e s t ed  p lan t s .  
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F i g .  l a - f .  P lan t s  of pa ren ta l  s p e c i e s  and s o m a t i c  hybr ids ,  a.  D. caro ta ,  v a r i e t y  ' Nanta i se  S lendero  
b.  D. caro ta  albino mutant  grown on cu l tu re  med ium,  c .  P . c a p i l l i f o l i u s ,  d. Somat ic  hybr id  plant 
(2n = 36) ,  e .  Somat ic  hybr id  plant (2n = 34) ,  f. Somat ic  hybr id  plant (2n = 36) 

The addit ion of the two c h r o m o s o m e  se t s  should 

g ive  the 36 c h r o m o s o m e s  which w e r e  d e t e r m i n e d  in 

5 s e l e c t e d  p lan t s .  Hybr ids  with 34 c h r o m o s o m e s  (2 

p l a n t s ) ,  35 c h r o m o s o m e s  (1 p lan t ) ,  35 c h r o m o -  

s o m e s  + 1 do t - l ike  c h r o m o s o m e  or  f r agmen t  (2 

p lants )  w e r e  a lso  found. The 54 c h r o m o s o m e s  in 

root  c e l l s  of  two hybr ids  sugges t  that t hese  plants  

o r ig ina t ed  f rom t r i p l e  fusion of p r o t o p l a s t s .  

The anionic  i s o e n z y m e  pa t t e rns  for p e r o x i d a s e  ap- 

p e a r e d  to be d i f ferent  for  the two pa ren ta l  s p e c i e s  

( F i g . 4 ) .  One slow band (Rf = 0 .17)  was ident i f ied  in 

l eaves  of D. caro ta  which was neve r  o b s e r v e d  in 

D. c a p i l l i f o l i u s  l e a v e s .  The s a m e  band (Rf = 0 .17)  

was found in l eaves  of a som a t i c  hybr id  p lant .  Both 

of the appl ied methods  of enzyme  p r e p a r a t i o n  r e s u l t e d  

in the s a m e  i s o e n z y m e  pa t t e rn .  

The p r e s e n t e d  data for  l ea f  morphology ,  leaf  h a i r s  

and i s o e n z y m e  pa t t e rn s  ind ica te  that the s e l e c t e d  

g reen  plants  o r ig ina ted  f rom i n t e r s p e c i f i c  p ro top las t  

fusion.  The p r e s e n c e  of a D. carota i s o e n z y m e  band 
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F i g . 3 .  Root morpho logy .  Top: Root of D.carota ( lef t )  
and D.cap i l l l f o l iu s  ( r i g h t ) .  Bot tom:  roo t s  of d i f f e r -  
ent som a t i c  hybr ids  

F i g . 2 .  Leaf m o r p h o l o g y .  Top ( lef t  to r igh t )  : Leaves  
of D. carota, O. carota albino mutant ,  D. capillifolius 
Bot tom:  l e a v e s  of d i f ferent  s o m a t i c  hybr ids  

in the soma t i c  hybr id  i s  fu r the r  ev idence  that the s e -  

l ec ted  g r een  plants  could not have  developed f rom 

homokaryon  fusion of D.cap i l l i f o l i u s  p r o t o p l a s t s .  

D i scuss ion  

The p r e s e n t e d  data show that the soma t i c  hybr id  plants  

betwenn D. carota and D. capillifolius w e r e  i n t e r m e -  

d ia te  be tween  the pa ren t s  in ove ra l l  a p p e a r a n c e .  The 

i n t e r m e d i a t e  c h a r a c t e r  was e spec i a l l y  pronounced  in 

l ea f  shape .  The genes  de t e rmin ing  the long,  white 

roo t s  in D. c a p i l l i f o l i u s  w e r e  found to be dominant  

in som a t i c  h y b r i d s .  The o b s e r v e d  v a r i a t i o n  in m o r -  

phological  t r a i t s  could be c o r r e l a t e d  with the d i f fer ing  

c h r o m o s o m e  n u m b e r s .  

C h r o m o s o m e  counts in the p r e s e n t  work ,  in addi-  

t ion to those  in e a r l i e r  r e p o r t s ,  f requent ly  devia ted  

f rom the expec ted  va lue s .  Desp i te  the fact  that 42 

c h r o m o s o m e s  w e r e  counted in young l eaves  of r e g e n -  

e r a t e d  plants  a f t e r  fusion of N. glauea and N. langsdorf- 

f i i  pro top la s t s  (Ca r l son  et a l .  1972), the pa r a s exua l  

hybr ids  p roduced  l a t e r  by PEG t r e a t m e n t  w e r e  found 

to have  unusual c h r o m o s o m e  number s  ranging  f rom 

Table 1. Number  of r e g e n e r a t e d  g r een  p lan t le t s  and ca l l u se s  a f te r  i n t r a spec i f i c  
p ro top las t  fusion of albino D. carota, and i n t e r s p e c i f i c  fusion be tween  D. carota 
and O. eapillifolius 

Fus ion  e x p e r i m e n t s  P ro top l a s t  Ca l l u se s  Green  Somat ic  
number  E m b r y o s  Ca l luses  hybr id  

P l a n t l e t s  P l an t l e t s  p lants*  

D. carota 
( albino ) 

D. carota 
(albino) 

X 7 x 10 6 8 x 10 3 0 

D.carota 
(albino)  

X 7 .2  X 105 103 102 65 
D. capillifolius 

(g reen)  7 .2  x 10 5 . . . . . . . . . . . . .  

* The soma t i c  hybr ids  plants  w e r e  ident i f ied  on the bas i s  of l ea f  c h a r a c t e r i s t i c s  
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Fig .  4. Diagram of poly a c r y l a m i d e  gel e l ec t rophore -  
s i s  of pero•  i soenzymes  from leaves  of P. eapiZ- 
l i f o l i u s  (A) somat i c  hybr id  (B) and P. carota (C) 

56 to 64 ins t ead  of the amphiploid number  of 42 

(Smith et a l .  1976). Somatic hybr ids  with higher  

ploidy level  were  also produced in tobacco (Melchers  

and Labi b 1974). Fewer  c h r o m o s o m e s  than the amphi -  

ploid c h r o m o s o m e  n u m b e r  were  also r evea led  in other  

ca ses  (Melchers  and Labib 1974; Melchers  and S~c- 

r i s t s  1977; Power  et a l .  1967).  

In somat i c  hybr ids  between P. earota  and O. e a p i l -  

l i f o l i u s  the depa r tu r e s  f rom the expected ch romo-  

some  n u m b e r  could be a t t r ibu ted  to var ious  c a use s :  

1. d i f ferent ,  abnorma l  c h r o m o s o m e  n u m b e r s  in  

the cel l  cu l tu re s  used  for p ro toplas t  i so la t ion  

2. loss  of c h r o m o s o m e s  dur ing  development  of 

hybr ids  

3. the involvement  of m o r e  than two pro top las t s  

in the fo rmat ion  of the fusion product .  

The embryogen ic  cell  l ine  of albino c a r r o t  mutant  

offers  a potent ia l  exper imen ta l  sy s t em for genet ic  

ana lys i s  of somat i c  hybr ids  produced by pro toplas t  

fus ion.  This a lbino mutant  appeared  in M 2 ge ne r a -  

t ion and the whole seedl ing  showed a comple te ly  

white phenotype.  These facts indica te  that the albino 

c h a r a c t e r  is  poss ib ly  due to a nuc l ea r  gene muta t ion .  

In the somat i c  hybr ids  with mos t ly  amphidiploid  ch ro -  

mosome  n u m b e r ,  the P. o a p i l l i f o l i u s  genome is domi-  

nant  and the muta t ion  in  the c a r r o t  nucleus  is  r e c e s -  

s ive .  However ,  O. c a p i l l i f o  l ius  genes  alone can also 

be r e s p o n s i b l e  for the development  of no rma l  g reen  

ch lo rop la s t s .  

The complementa t ion  of two r e c e s s i v e ,  non - a l l e l i c  

genes was demons t r a t ed  in somat ic  hybr ids  between 

chlorophyl l  deficient  va r i e t i e s  of Nieotico~a tc~acum 

and between one of these  va r i e t i e s  and a chlorophyl l  

def icient  mutant  of N. sylvestris (Melchers  and Labib 

1974; Melchers  1976).  The fusion of p ro top las t s  i so -  

la ted from a p las t id  albino mutant  in one var ie ty  and 

a s emidominan t  yel low gene mutant  r e s u l t e d  in i n t r a -  

specif ic  hybr id  p lants  of N. tabaewn (Gleba et a l .  1975). 

Complementa t ion  between nu t r i t iona l  auxotrophic mu-  

tants  of the l ive rwor t  Sphaerocarpos donnellii was 

used for se lec t ion  of fusion products  (Schieder  1975). 

In somat ic  hybr id i sa t ion  between the albino 

O. carota and the g reen  D. capillifolius fu r the r  s tu -  

dies a r e  r e q u i r e d  in o rde r  to de t e r mi ne  the bas i s  of 

genet ic  control  in ch loroplas t  deve lopment ,  
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