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The Influence of Paternal Species on the Origin of Callus 
in Anther Culture of Solanum Hybrids* 
P . W .  S imon  and S . J .  P e l o q u i n  
D e p a r t m e n t s  of G e n e t i c s  and  H o r t i c u l t u r e ,  U n i v e r s i t y  of W i s c o n s i n ,  M a d i s o n ,  W i s c o n s i n  (USA) 

S u m m a r y .  S t a m e n  c u l t u r e  of s e v e r a l  Solanum s p e c i e s  and  i n t e r s p e c i f i c  h y b r i d s  was p e r f o r m e d  and  e a c h  s t a m e n  
was s c o r e d  f o r  p r e s e n c e  and o r i g i n  of c a l l u s .  E a c h  s p e c i e s  and  h y b r i d  h a s  a c h a r a c t e r i s t i c  c a l l u s  g r o w t h  p a t -  
t e r n  - e i t h e r  no g rowth  ( 0 ) ,  c a l l u s  g r o w t h  f r o m  the  f i l a m e n t  ( F ) ,  o r  c a l l u s  g r o w t h  f r o m  th e  a n t h e r  ( A ) .  C h a r -  
a c t e r i s t i c  g r o w t h  t y p e s  of the  i n t e r s p e c i f i c  h y b r i d s  i n d i c a t e  tha t  c a l l u s  g rowth  t a k e s  p r e c e d e n c e  o v e r  no g r o w t h .  
H y b r i d s  b e t w e e n  F and  A s p e c i e s  exh ib i t  m a i n l y  p a t e r n a l  p a s s a g e  of  e i t h e r  c h a r a c t e r i s t i c  c a l l u s  type .  P o s -  
s i b l e  e x p l a n a t i o n s  fo r  t h i s  p a t t e r n  of i n h e r i t a n c e  a r e  m a l e  p l a s t o m e  f a c t o r s  o r  i m p r i n t i n g  of p a t e r n a l  g e n e s .  The 
l a t t e r  e x p l a n a t i o n  i s  p r e s e n t l y  p r e f e r r e d .  

Key w o r d s :  Solarium H y b r i d s  - P a t e r n a l  - G e n e s  - C a l l u s  - A n t h e r  C u l t u r e  - I m p r i n t i n g  

I n t r o d u c t i o n  

G e n e t i c  a n a l y s i s  of p lant  t i s s u e  c u l t u r e  c h a r a c t e r i s -  

t i c s  can  be  s e p a r a t e d  into two c a t e g o r i e s :  t i s s u e  c u l -  

t u r e  can  be u s e d  e i t h e r  to ob ta in  gene t i c  v a r i a n t s  o r  

to s c o r e  p r e - e x i s t i n g  v a r i a t i o n .  To ob ta in  gene t i c  v a r -  

i a n t s  wi th  t i s s u e  c u l t u r e ,  m u t a t i o n s  a r e  i nduc ed  in 

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

and  s e x u a l  r e p r o d u c t i o n ,  to be  t r u e  g e n e t i c  m u t a n t s  

( C a r l s o n  1970; M a l i g a  et  a l .  1973) ,  and  not  a c c l i m a t -  

ed p h y s i o l o g i c a l  t ypes  (Mok et a l .  1976) ,  o r  v a r i a n t s  

of the  n o r m a l  gene  d o s a g e  v ia  aneup lo idy ,  po lyp lo idy ,  

o r  c h r o m o s o m e  s u b s t i t u t i o n  (He inz  and  Mee  1971; 

Horak  1972) .  To s c o r e  p r e e x i s t i n g  v a r i a t i o n  with t i s -  

sue  c u l t u r e ,  e x p l a n t s  of r e l a t e d  p l a n t s  a r e  c u l t u r e d  

and  the  mode  of i n h e r i t a n c e  of a t r a i t  m a n i f e s t  in  c u l -  

t u r e  i s  dec i de d  by a c o m p a r i s o n  of the  known g en e t i c  

r e l a t i o n s h i p s  with the  o b s e r v e d  p a t t e r n  of the  t i s s u e  

c u l t u r e  c h a r a c t e r i s t i c .  

This  i n v e s t i g a t i o n  d e a l s  wi th  the  l a t t e r  type  of a n a -  

l y s i s  in Solarium " a n t h e r "  c u l t u r e ,  o r  m o r e  a p p r o p r i -  

a t e l y ,  s t a m e n  c u l t u r e ,  s i n c e  a p o r t i o n  of the  f i l a m e n t  

* P a p e r  No.  2084 f r o m  the  L a b o r a t o r y  of G e n e t i c s .  
R e s e a r c h  s u p p o r t e d  by the  Co l l ege  of A g r i c u l t u r a l  
and  Life S c i e n c e s ,  a gif t  f r o m  F r i t o - L a y ,  I n c . ,  
and  g r a n t s  f r o m  NIH (GM15422)  and  the  I n t e r n a -  
t iona l  P o t a t o  C e n t e r .  

i s  r e t a i n e d  by the  a n t h e r .  The t r a i t  in  q u e s t i o n  i s  the  

o r i g i n  of c a l l u s  g r o w t h ,  i . e .  w h e t h e r  c a l l u s  i s  d e r i v e d  

f r o m  the  a n t h e r  o r  the  f i l a m e n t .  

M a t e r i a l s  and  Methods  

The Solarium species and interspecific hybrids used 
were grown from true seed obtained from the collec- 
tion of the Interregional Potato Introduction Station, 
Sturgeon Bay, Wisconsin. Plants were grown in the 
field during the summers of 1974, 1975, and 1976. 

Stamens were cultured from buds of five to twenty 
plants of each species or hybrid in July and August. 
Buds used were primarily at the late meiosis or early 
microspore stage of microgametogenesis. Three, or 
sometimes two, stamens from each of five to fifty buds 
were cultured for each species or hybrid, with each 
stamen from a single bud cultured on a different hor- 
monal variant of the basal medium (Murashige and 
Skoog 1962 or Miller 1963). Hormonal adjuncts 
r a n g e d  f r o m  two to four  p p m IAA o r  2, 4 -D,  and  
k i n e t i n  o r  b e n z y l a d e n i n e .  One s t a m e n  of e a c h  bud was 
f ixed  in e t h a n o l - a c e t i c  a c id  ( 3 : 1 )  to e s t i m a t e  the  
m e i o t i c  s t a g e  of t h e  bud .  

A f t e r  f ive  to s ix  weeks  of  c u l t u r e  in  the  d a r k  at  
r o o m  t e m p e r a t u r e ,  c a l l u s  g r o w t h  fo r  e a c h  s t a m e n  
was c a t e g o r i z e d  a s  n o n - e x i s t e n t  ( 0 ) ,  o r i g i n a t i n g  
f r o m  th e  f i l a m e n t  ( F ) ,  o r  o r i g i n a t i n g  f r o m  the  a n -  
t h e r  (A)  u s u a l l y  in  the  r e g i o n  of the  p o r e .  

Results 

Table 1 tabulates the occurrence and source of callus 

growth in stamen culture of Solarium species and their 

hybrids. The types of hormones and hormone levels 
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Table I .  Re l a t i ve  s u c c e s s  and s o u r c e  of ca l lus  growth in s t amen  cu l t u r e  of Solarium s p e c i e s  and t he i r  hybr ids  
o v e r  t h r e e  y e a r s  

Culture Success* 
P r e d o m i n a n c e  of ca l lus  f r o m  
the an the r**  

1974 1975 1976 1974 1975 1976 

Spec ies  exhibi t ing p r i m a r i l y  no 
ca l lus  growth (0) 
med  (S.medians PI 265872) 
mlt  (S. multidissectum PI 210043) 

Spec i e s  exhibi t ing p r i m a r i l y  an the r  
ca l lus  (A) 
b rd  (S.brevidens PI 218228) 
sc t  (S.8anctae-rosae PI 283089) 
spg ( S. spegazzinii P I 205394 ) 
ver (S. verrucosum PI 160228) 

Spec i e s  exhibi t ing ~ r i m a r i l y  
f i l amen t  ca l lus  (F 
bcp (S.bruchyea~um PI 243344) 
c l r  (S. clarum PI  243355) 
f rn  (S. fer~andezianum PI 320270) 
phu (S.phureja PI 225683) 

I n t e r s p e c i f i c  hybr ids  of 0 x 0 
med • mlt  (WRF156) 
mlt  x med (WRF156)  

In t e r spec i f i c  hybr ids  of 0 X A 
and A X 0 
v e r  X ml t  (WRF199) 
mlt  • v e r  (WRF199)  

In t e r spec i f i c  hybr ids  of A • A 
v e r  X spg (WRF240) 
v e r  X sct  (WRF233)  

I n t e r s p e c i f i c  hybr ids  of A x F 
v e r  X c l r  (WRF88) 
spg x phu (WRF212)  
brd  • f rn  (WRF42)  

I n t e r s p e c i f i c  hybr ids  of F • A 
phu • spg (WRF212)  
frn • b rd  (WRF42) 

0(18"**) 
.04(47) .50 

.39(19) .57(68) .73(136) 

.42(12) .29(128) - 

.46(13) .58(34) .43(95) 

.48(31) .41(28) 

.38(16) . 55(12)  

.67(14)  

.71(7)  .22(109)  

.36(11) .28(110) 

.75 .92 .85 
1.00 .86 
1.00 .80 .73 

.80 .83 

0 .43 
0 
0 - .16 
0 - .16 

.02(48) - 0 
0(36) 

.17(35) .83 

.33(30) .80 

.50(94) .87 - 

.82(11) .89 

.33(9) .33 

.37(108)  .60(124)  .48 .16 
.79(114)  - .20 

.67(33)  .40(114)  .86 .74 
.79(89)  - .73 

* Cu l tu re  s u c c e s s  N u m b e r  of s t amens  exhibi t ing ca l lus  growth 
= N u m b e r  of s t a m e n s  cu l tu red  

N u m b e r  of s t a m e n s  exhibi t ing an the r  ca l lus  
** P r e d o m i n a n c e  of ca l lus  f r o m  the an ther  = N u m b e r  of s t a m e n s  exhibi t ing an ther  ca l lus  o r  f i l amen t  ca l lus  

*** (number  of s t a m e n s  cu l tu red)  

w e r e  not r e l a t e d  to the type of growth e x p r e s s e d .  

F u r t h e r ,  most  buds cu l tu red  w e r e  in the e a r l y  m i c -  

r o s p o r e  s tage  so that the effect  of t he se  two v a r i -  

ab les  on the results was minor and is not indicated 

here. 

The probability of finding callus growth from either 

the filament or the anther in culture ranges between 

22% and 73% for all species except S.medi~ns and 

S.multidissectum, where at most 4 % success is detected. 

Thus, these two species, wherein callus growth for 

individual stamens tends to be O, are denoted 0 spe- 

c i e s .  All  i n t e r s p e c i f i c  hybr ids  between s p e c i e s  not 

in the 0 c a t e g o r y  exhibi t  a r ange  of cu l tu re  s u c c e s s  

similar to the parent species, whereas hybrids be- 

tween 0 species have at most 2% success. Hybrids 

between S. verrucosum, a successful species in stamen 

culture, and the 0 species, S.multidissectw~, result 

in an intermediate to good level of success. 

Where callus is formed regularly, it tends to 

originate from either the filament or from the anther 

for individual stamens of each species and this tend- 

ency recurs from year to year. These are denoted F 
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s p e c i e s  and A s p e c i e s ,  r e s p e c t i v e l y .  Of the s t a m e n s  

fo rming  ca l lu s ,  ca l lus  a r i s e s  f r o m  the an the r s  of F 

s p e c i e s  0 ~ to 43 % of the t i m e  w h e r e a s  A s p e c i e s  p r o -  

duce ca l lus  f r o m  the an the r  74% to 100 % of the t i m e ,  

depending on the y e a r  and s p e c i e s .  

S tamens  of i n t e r s p e c i f i c  hybr ids  within and b e -  

tween F and A s p e c i e s  a l so  tend to f o r m  e i t he r  F 

ca l lus  o r  A c a l l u s .  A x A ,  0 x A ,  and A x 0  hybr ids  

p roduce  A ca l lus  as rou t ine ly  as  do A s p e c i e s .  S u r -  

p r i s i ng ly ,  F x A hybr ids  p roduce  ca l lus  f r o m  the an-  

t he r  as  r e g u l a r l y  as A s p e c i e s  while A • F hybr ids  

exhibi t  ca l lus  growth f r o m  the f i l amen t  n e a r l y  as  

f r equen t ly  as  F s p e c i e s .  

Individual  p lants  within a s p e c i e s  o r  hybr id  r e -  

f lec t  the gene ra l  t r end  of that s p e c i e s  o r  hybr id  

r a t h e r  than s e g r e g a t e  into plants  with s t a m e n s  p r o -  

ducing p r i m a r i l y  no ca l lu s ,  A ca l lu s ,  o r  F c a l l u s .  

This was d e t e r m i n e d  in 1975 by r e c o r d i n g  the o r i g i n  

of buds by plant (unpubl ished da t a ) .  

D i s c u s s i o n  

The effect  of v a r i o u s  de f i c i ency  aneuploids  upon the 

s u c c e s s  of wheat an ther  cu l t u r e  ind ica tes  the p r e -  

s e n c e  of a dominant  gene t i c  f ac to r  on c h r o m o s o m e  

4A which p r e v e n t s  ca l lus  fo rma t ion  in aneuplo ids  

(Shimada  and Makino 1975).  In the t u b e r - b e a r i n g  

Solar iums,  c o n v e r s e l y ,  the cont ro l  of  s u c c e s s  in 

s t a m e n  cu l t u r e  a p p e a r s  to be dominant  to ,  poss ib ly  

i n c o m p l e t e l y ,  the inabi l i ty  fo r  ca l lus  to a r i s e ,  as  

ev idenced  by the A x 0 and 0 • A hyb r id s .  

I r i k u r a  (1975) r e p o r t s  c o m p a r a b l e  r e s e a r c h  d i s -  

t inguish ing  between ca l lus  o r i g i n  f r o m  the f i l amen t  

and an the r  in s e v e r a l  t u b e r - b e a r i n g  Solanum s p e c i e s  

inc luded h e r e  and in unpubl ished work by us .  Although 

ca l lus  f r o m  the f i l amen t  is  much m o r e  f requen t  in 

I r i k u r a ' s  work,  a rough d iv is ion  of the data into 0, 

F ,  and A ca l lus  t endenc ies  i nd ica t e s  an a g r e e m e n t  in 

nine of four t een  s p e c i e s .  This r e i n f o r c e s  the c a t e g o r i -  

za t ion  p r e s e n t e d ,  Ano the r  r e i n f o r c e m e n t  i s  d e m o n -  

s t r a t e d  by the data  where in  v a r i a t i o n  in cu l t u r e  s u c -  

c e s s  be tween y e a r s  fo r  s p e c i e s  within each  c a t e g o r y  

of ten a p p e a r s  to be l a r g e  and random,  whe rea s  the 

p ropo r t i on  of ca l lus  a r i s i n g  f r o m  the an the r  i s  r e l a -  

t i ve ly  s t ab le  between y e a r s .  Thus, the type of growth  

is  independent  of the cu l t u r e  s u c c e s s .  

The p ropor t ion  of a n t h e r - d e r i v e d  ca l lus  in hybr ids  

is  g e n e r a l l y  in the s a m e  range  as  in e i t h e r  A o r  F 

s p e c i e s ,  so that the hybr ids  apparen t ly  e x p r e s s  the 

phenotype of only one pa ren ta l  s p e c i e s  r a t h e r  than an 

i n t e r m e d i a t e  phenotype.  A l so ,  the paren t  s p e c i e s  c h a r -  

a c t e r i s t i c  e x p r e s s e d  in hybr ids  of A and F s p e c i e s  is 

not e i t h e r  A fo r  all  hybr ids  o r  F fo r  a l l  hybr ids  (as  

would be expec ted  in a s y s t e m  of d o m i n a n c e ) ,  nor  is  

it that of the ma te rna l  s p e c i e s .  Ins tead  it is  the pheno-  

type of the pa te rna l  s p e c i e s  which is  e x p r e s s e d  in these  

hybr ids .  The gene t ic  a n a l y s e s  of p r e - e x i s t i n g  v a r i a -  

t ion e x p r e s s e d  in t i s s u e  c u l t u r e s  of s o m a t i c  t i s s u e  

f rom gene t i ca l ly  v a r i a b l e  s tocks  have exhibi ted  typ i -  

cal  n u c l e a r  con t ro l  of a lb in i sm (Venke te swaran  and 

Mahlberg  1962), ontogeny (Buiat t i  et a l .  1974), and 

c h i m e r i s m  (S ree  Ramulu  et a l .  1976) whereas  ca l lus  

f o r m a t i o n  appea r s  to be con t ro l l ed  by both n u c l e a r  

and ma te rna l  in f luences  in m a i z e  e n d o s p e r m  (Tabata 

and Motoyoshi  1965).  T h e r e f o r e ,  the gene t ic  s y s t e m  

of ca l lus  o r ig in  in Solanum s p e c i e s  r e q u i r e s  f u r t h e r  

i n t e r p r e t a t i o n .  

Inhe r i t ance  of the type d e m o n s t r a t e d  h e r e  can be 

a t t r ibu ted  to one of two gene ra l  m o d e s .  F i r s t ,  s ince  

the m a l e  p l a s t o m e  is  not yet  e l im ina t ed  in un inuc lea te  

pol len ( N i l s s o n - T i l l g r e n  and yon Wet t s t e in -Knowles  

1970) it could be due to e x c l u s i v e  ma le  t r a n s m i s s i o n  

of a c y t o p l a s m i c  f ac to r  in the hybr ids  v ia  p r e f e r e n t i a l  

p r o l i f e r a t i o n  of this  f a c t o r  l ike  s o m e  p l a s t o m e  mu-  

tants  in Oenvthera (Kutze ln igg  and Stubbe 1974), o r  

nonrandom s o r t i n g  out of this  f ac to r  to m a l e  o rgans  

of the F1, o r  s imp ly  a lack of this  f a c t o r  in the egg 

cy top l a sm ,  fo r  wha teve r  r e a s o n .  Second,  th is  pa t t e rn  

of i nhe r i t ance  could a lso  be due to im pr in t i ng  of  pa -  

t e rna l  genes ,  poss ib ly  those  n e a r  the locus  cond i t ion-  

ing andr i c  e x p r e s s i o n ,  s ince  this  locus  i s  obvious ly  

e x p r e s s e d  d i f f e ren t i a l ly  in the s t a m e n  and the p i s t i l .  

E x a m p l e s  of the second  c a t e g o r y  ex i s t  in Saiara 

( C r o u s e  1960) and m a i z e  ( K e r m i c l e  1975), but for  

m a t e r n a l  c h r o m o s o m e s .  The apparen t  lack of s e g r e g a -  

t ion of individual  p lants  within a s p e c i e s  o r  hybr id  to 

types  not r e p r e s e n t a t i v e  of that s p e c i e s  o r  hybr id  

would favor  e i t h e r  impr in t i ng  o r  pa te rna l  i nhe r i t ance  

because  both a r e  whole plant t r a i t s .  H o w e v e r ,  the 

pauci ty  of e x a m p l e s  of pa t e rna l  i n h e r i t a n c e  in 

Oenothera r e d u c e s  i t s  c r e d i b i l i t y  as  a v iab le  a l t e r n a -  

t ive  s i nce  th is  a p p e a r s  to be a gene ra l  phenomenon in 

the golanum s p e c i e s  hybr ids  inc luded,  not a r a r e  o c -  
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c u r r e n c e  in an o t h e r w i s e  r e v e r s e d  ( m a t e r n a l )  mode 

of i n h e r i t a n c e .  

A d i s c r i m i n a t i n g  t es t  of t he se  a l t e r n a t i v e s  is  p a i r e d  

b a c k c r o s s e s  of A • (A • F )  and F • (F x A) whe re  

pa t e rna l  i nhe r i t ance  would r e s u l t  in a l l  F o r  all  A 

plants ,  r e s p e c t i v e l y ,  while impr in t ing ,  a s s u m i n g  a 

random ac t iva t ion  of the A and F f a c t o r s  of the 

m a l e  pa r en t ,  will g ive  equal n u m b e r s  of F and A 

plants  in both c r o s s e s .  The r e c i p r o c a l s  of these  back-  

c r o s s e s ,  (A •  •  and (F x A )  x F ,  would r e -  

sul t  in al l  A plants  and all  F p lan t s ,  r e s p e c t i v e l y ,  

with e i t h e r  a l t e r n a t i v e ,  but would m e a s u r e  any m a -  

t e rna l  in f luence .  

The amount  and o r i g i n  of ca l lus  in s t a m e n  cu l tu re  

of Solanum s p e c i e s  and t he i r  hybr ids  appea r s  to be a 

p r o p e r t y  of each  s p e c i e s  o r  hybr id .  These  t r a i t s  a r e  

amenab le  to ana lys i s  and a subs tant ia l  pa te rna l  in -  

f luence  is  de t ec t ed .  His to log ica l  examina t ion  ind ica tes  

an the r  ca l lus  to be gametophyt ic  in o r ig in  (unpubl ished 

d a t a ) .  If th is  is c o n f i r m e d ,  it has p r a c t i c a l  i m p l i c a -  

t ions conce rn ing  the use  of d i f fe ren t  s p e c i e s  in s t a -  

men  cu l t u r e  fo r  obtaining s o m a t i c  o r  sporogenous  

ca l lus  ( f r o m  F and A s p e c i e s ,  r e s p e c t i v e l y ) .  Or  of 

m o r e  fundamental  i n t e r e s t ,  t hese  two types of s p e -  

c i e s  may r e p r e s e n t  a p r e f e r e n t i a l  ac t iva t ion  of s p o r o -  

phytic o r  gametophyt ic  c e l l s  in F and A s p e c i e s .  Dif -  

f e r en t i a t i on  of an ther  ca l lus  is  n e c e s s a r y  to expand 

upon e i t h e r  imp l i ca t ion .  
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