
T h e o r .  A p p l .  G e n e t .  51 ,  247 a n d  248 ( 1 9 7 8 )  

�9 by Spr inge r -Ver l ag  1978 

Flavonoid Genetics of the 28-chromosome "Siberian" Iris 
K.  C .  V a u g h n  a n d  T.  A .  L y e r l a  
D e p a r t m e n t  of B i o l o g y ,  C l a r k  U n i v e r s i t y ,  W o r c e s t e r ,  M a s s a c h u s e t t s  (USA)  

S u m m a r y .  A c h r o m a t o g r a p h i c  s u r v e y  of f l a v o n o i d s  i n  t h e  v a r i o u s  f l o w e r  c o l o r  m u t a n t s  of  t h e  2 8 - c h r o m o s o m e  
" S i b e r i a n "  I r i s  ( s e r i e s  Sib i r i cae  s u b s e r i e s  S i b i r i c a e )  w a s  c o n d u c t e d  u s i n g  m u t a n t s  of  k n o w n  g e n o t y p e  
( V a u g h n  1 9 7 4 ) .  M u t a n t s  a t  t h e  _C l o c u s  c o n t a i n  t h e  m a l v i d i n  g l y c o s i d e  e n s a t i n ,  i n d i c a t i n g  t h a t  t h i s  g e n e  l o c u s  
m a y  c o n t r o l  m e t h y l a t i o n  of  d e l p h i n i d i n .  C l e a r  w h i t e ,  a m u t a t i o n  a t  t h e  W. l o c u s ,  r e s u l t s  in  t h e  p r o d u c t i o n  of  
f l a v o n e s  in  e x c e s s .  

Key  w o r d s :  S i b e r i a n  I r i s  - F l a v o n o i d  G e n e t i c s  - A n t h o c y a n i n  - F l a v o n e  

Introduction 

A l t h o u g h  W e r k m e i s t e r  ( 1 9 6 0 ,  1969)  r e p o r t e d  t h e  o c -  

c u r r e n c e  of  t h e  a n t h o c y a n i n  m a l v i d i n  in  t h e  4 0 - c h r o -  

m o s o m e  " S i b e r i a n "  s p e c i e s  I r i s  ch~ysographes D y k e s ,  

l i t t l e  o r  no  d a t a  on  t h e  f l a v o n o i d s  of  t h e  c u l t i v a r s  of  

t h e  2 8 - c h r o m o s o m e  S i b e r i a n  I r i s  ( s e r i e s  S ib i r i cae  

s u b s e r i e s  S ib i r i cae ,  Lenz  1976)  h a s  b e e n  a c c u m u l a t -  

e d .  Only  f i v e  m a j o r  c l a s s e s  of  b l o s s o m  c o l o r  a r e  

k n o w n  in  t h i s  g r o u p :  b l u e - p u r p l e ,  r e d ,  p i n k ,  dul l  

w h i t e ,  a n d  c l e a r  w h i t e .  The  p i g m e n t  g e n e t i c s  of  t h i s  

g r o u p  h a s  b e e n  r e v i e w e d  b y  Ti f fney  ( 1 9 7 1 )  a n d  V a u g h n  

( 1 9 7 4 ) ,  s h o w i n g  t h a t  o n l y  two loc i  ( C  a n d  W) a r e  

i n v o l v e d  in  t h e  c o n t r o l  of  a n t h o c y a n i n  p r o d u c t i o n  in  

t h e s e  c o l o r  t y p e s .  T h u s ,  i t  m a y  b e  p o s s i b l e  to  e s t a b -  

l i s h  t h e  f u n c t i o n s  of  t h e s e  two l o c i  i n  t h e  f l a v o n o i d  

p a t h w a y  by  e x a m i n a t i o n  of f l a v o n o i d s  f r o m  m u t a n t s  of 

k n o w n  g e n o t y p e .  Th i s  p a p e r  s u m m a r i z e s  t h e  f l a v o n o i d  

d a t a  o b t a i n e d  f r o m  t h e s e  m u t a n t s .  

M a t e r i a l s  a n d  M e t h o d s  

P l a n t  M a t e r i a l  

I r i s  p l a n t s  w e r e  o b t a i n e d  f r o m  a v a r i e t y  of  s o u r c e s ,  
w h i c h  i n c l u d e  t h e  a u t h o r  ' s own  b r e e d i n g  p r o g r a m .  C o -  
l o r  a n d  g e n o t y p e  of  v a r i e t i e s  a r e  s u m m a r i z e d i n T a b l e  1.  

E x t r a c t i o n  a n d  C h r o m a t o g r a p h y  

P i g m e n t s  w e r e  e x t r a c t e d  f r o m  w h o l e  f r e s h  b l o s s o m s  
in  e q u a l  v o l u m e s  of  2NHC1 w i t h  m o r t a r  a n d  p e s t l e  
a n d  s t o r e d  in  t h e  c o l d  ( 4 - 9 ~  u n t i l  u s e d .  P i g m e n t  
e x t r a c t s  w e r e  s p o t t e d  a p p r o x i m a t e l y  1 / 2 "  f r o m  t h e  

base of strips or sheets of Kodak MN cellulose (both 
with and without fluorescent indicator) with extra 
fine capillary pipets. Chromatograms were run by 
ascent in one dimension in either BAW (4 parts l-bu- 
tanol : 1 p a r t  g l a c i a l  a c e t i c  a c i d  : 5 p a r t s  H 2 0 ,  u p p e r  
p h a s e ,  v / v ,  p r e p a r e d  w i t h i n  t h r e e  h o u r s  of i t s  u s e )  
o r  15% HAc in  H~O (by  v o l u m e )  a n d  in  two d i m e n -  
s i o n s  in  t h e  s a m e  two s o l v e n t s .  C h r o m a t o g r a p h i c  
c h a m b e r s  w e r e  a l l o w e d  to s a t u r a t e  b e f o r e  c h r o m a t o -  
g r a m s  w e r e  r u n .  

R e s u l t a n t  c h r o m a t o g r a m s  w e r e  f i r s t  v i e w e d  in  v i s -  
i b l e  l i g h t  a n d  l o n g  w a v e  U . V .  a n d  t h e n  f u m e d  o v e r  
NHs v a p o r  a n d  v i e w e d  i n  b o t h  v i s i b l e  l i g h t  a n d  l ong  
w a v e  U.  V .  a g a i n .  

R e f e r e n c e  c o m p o u n d s  w e r e  o b t a i n e d  f r o m  t h e  f o l -  
l o w i n g  I r i s  c u l t i v a r s  : ' F l o r i d o r ' ,  w h i c h  c o n t a i n s  
f l o r i d o r i n ,  t u l i p a n i n ,  m a n g i f e r i n ,  a n d  i r i g e n i n  ( W e r k -  
m e i s t e r  e t  a l .  1 9 6 6 ) ;  a J a p a n e s e  I r i s  c u l t i v a r  w h i c h  
c o n t a i n s  e n s a t i n  ( T a k e d a  a n d  H a y a s h i  1964)  ; ' B l u e  
R i b b o n ' ,  w h i c h  c o n t a i n s  d e l p h a n i n ,  s w e r t i s i n ,  a n d  
s e v e r a l  o t h e r  f l a v o n e s  ( A s e n  e t  a l .  1 9 7 0 ) .  E a c h  w a s  
c o - c h r o m a t o g r a p h e d  w i th  t he  S i b e r i a n  I r i s  p i g m e n t  
e x t r a c t s  f o r  c o m p a r i s o n .  

R e s u l t s  and D i s c u s s i o n  

The  d i s t r i b u t i o n  of  a n t h o c y a n i n s  a s  found  in  t h e  28-  

c h r o m o s o m e  S i b e r i a n  I r i s  i s  s u m m a r i z e d  in  T a b l e  1.  

At  l e a s t  10 c h r o m a t o g r a m s  w e r e  r u n  of  e a c h  g e n o -  

t y p e  a n d  r e s u l t s  w e r e  c o n s i s t e n t  i n  a l l  c a s e s .  

It  i s  i n t e r e s t i n g  to n o t e  t h a t  a l l  of  t h e  m u t a t i o n s  a t  

t h e  C l o c u s  ( V a u g h n  1974)  h a v e  t h e  m a l v i d i n  g l y c o -  

s i d e  e n s a t i n ,  w h i c h  m a y  i n d i c a t e  t h a t  t h e  C l o c u s  i s  

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

v i d i n  ( W e r k m e i s t e r  1 9 6 0 ) .  A l t h o u g h  p h e n o t y p i c a l l y  

t h e  c r 
_ g e n e  b e h a v e s  a s  a M e n d e l i a n  r e c e s s i v e  (T i f f -  

n e y  1971 ; V a u g h n  1 9 7 4 ) ,  in  t h e  h e t e r o z y g o u s  c o n d i -  
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T a b l e  1 

C u I t i v a r  C l a s s  G e n o t y p e  A n t h o c y a n i n  ( s )  

' V a u g h n  G - 3 '  b l u e - p u r p l e  C C WW d e l p h a n i n  ~ 
' T o w a n d a  R e d f l a r e '  r e d  c r  c r WW d e l p h a n i n ,  e n s a t i n  2 
' M i l d r e d  P e c k '  p i n k  c pc  p WW e n s a t i n  
' C a e s a r  ' s G h o s t  ' du l l  w h i t e  c c WW e n s a t i n  
' S n o w  F l a r e '  c l e a n  w h i t e  C C ww no a n t h o c y a n i n  3 
' V a u g h n  T P - 1  ' b l u e - p u r p l e  C c r WW d e l p h a n i n ,  e n s a t i n  

• d e l p h a n i n  = 3 - p - c o u m a r y l - r u t i n o s i d e ,  5 - c l u c o s i d e  of  d e l p h i n i d i n  2 
e n s a t i n  = 3 - p - c o u m a r y l - r u t i n o s i d e ,  5 - g l u c o s i d e  o f  m a l v i d i n  

a s w e r t i s i n ,  a C - g l y c o s y l  f l a v o n e  ( A s e n  e t  a l .  1970)  found  as  a n  i n t e n s e  s p o t  

t i o n  C c  r ,  b o t h  d e l p h a n i n  a n d  e n s a t i n  a r e  p r o d u c e d  

( T a b l e  1 ) .  Thus  t h e  g e n e  m a y  b e  m o r e  c o r r e c t l y  w r i t -  

t e n  C R to i n d i c a t e  c o d o m i n a n c e ,  a t  l e a s t  a t  t h e  m o l e -  

c u l a r  l e v e l ,  w i t h  __C. T i f fney  ( 1 9 7 1 )  h a s  r e p o r t e d  t h a t  

i n d i v i d u a l s  of  C c p  g e n o t y p e  a r e  m o r e  b l u e - l a v e n d e r  

t h a n  C C i n d i v i d u a l s ,  i n f e r r i n g  a p r e s e n c e  of  e n s a t i n ,  

a n d  i n d i c a t i n g  t h a t  e_ p m a y  a l s o  b e h a v e  a s  a c o d o m i -  

n a n t .  The  C c c o m b i n a t i o n  h a s  no t  b e e n  s u f f i c i e n t l y  

t e s t e d  to c o m m e n t  o n  a t  t h i s  t i m e .  

In c o m p a r i s o n  w i th  o t h e r  t y p e s  of  I r i s ,  t h e  28 -  

c h r o m o s o m e  S i b e r i a n s  h a v e  a v e r y  s m a l l  n u m b e r  of  

o t h e r  f l a v o n o i d s  p r e s e n t  ( V a u g h n  1 9 7 6 ) .  A l t h o u g h  

s w e r t i s i n  ( A s e n  et  a l .  1970)  w a s  found  in  ' V a u g h n  

G - 3 '  a n d  ' S n o w  F l a r e '  a n d  a l u t e o l i n  g l y c o s i d e  in  

b o t h  ' M i l d r e d  P e c k '  a n d  ' C a e s a r '  s G h o s t ' ,  no  o t h e r  

c o - p i g m e n t  m o l e c u l e s  w e r e  f o u n d  on  t h e  c h r o m a t o -  

g r a m s  ( V a u g h n  1 9 7 6 ) .  

H o m o z y g o u s  w w  i n d i v i d u a l s  s e e m  to h a v e  a b l o c k  

i n  t h e  a n t h o c y a n i n  p a t h w a y  s o  t h a t  f l a v o n e s  a r e  p r o -  

d u c e d  in  e x c e s s  ( V a u g h n  1 9 7 6 ) .  Odd ly ,  t h e  s a m e  

C - g l y c o s y l  f l a v o n e  ( s w e r t i s i n )  p r o d u c e d  i n  t h e  b u l -  

b o u s  Iz, i8 t i ng i tan ia  B o i s s .  a n d  R e u t .  c v .  ' B l u e  R i b -  

b o n '  ( A s e n  e t  a l .  1970)  i s  f o u n d  i n  t h e s e  r h i z o m a -  

t o u s  S i b e r i a n  Iz~is m u t a n t s .  

The  r e c e n t  d e c i s i o n  of  Lenz  ( 1 9 7 6 )  to  r e t a i n  t h e  

28 -  a n d  4 0 - c h r o m o s o m e  S i b e r i a n  Ir, ia i n  a s i n g l e  s e -  

r i e s  i s  f u r t h e r  s u b s t a n t i a t e d  by  t he  f i n d i n g  of  a m a l v i -  

d in  g l y c o s i d e  in  a " r e d "  v a r i e t y  of  e a c h  g r o u p  ( W e r k -  

m e i s t e r  1960 ,  1 9 6 9 ) .  A t h o r o u g h  r e v i e w  of  t h e  f l a -  

v o n o i d s  of  t h e  4 0 - c h r o m o s o m e  S i b e r i a n  I r i s  s h o u l d  

f u r t h e r  a i d  i n  s u b s t a n t i a t i n g  o r  n e g a t i n g  L e n z ' s  a r -  

r a n g e m e n t .  

A c k n o w l e d g e m e n t  

M u c h  of  t h i s  w o r k  w a s  c o m p l e t e d  a t  C l a r k  U n i v  e r s i t y  
by  t h e  s e n i o r  a u t h o r  a s  p a r t  of  t h e  h o n o r s  p r o g r a m  i n  

b i o l o g y ,  D e p a r t m e n t  of  B i o l o g y ,  C l a r k  U n i v e r s i t y ,  
1 9 7 5 - 1 9 7 6 .  We t h a n k  D r .  K a r e n  E r i c k s o n ,  D e p t .  of  
C h e m i s t r y ,  C l a r k  U n i v e r s i t y ,  f o r  h e r  a d v i c e  and  e n -  
c o u r a g e m e n t  d u r i n g  t h e  c o u r s e  of  t h i s  i n v e s t i g a t i o n  
a n d  M r s .  F . W .  W a r b u r t o n  a n d  D r .  S.  T i f fney  fo r  
t h e i r  h e l p f u l  s u g g e s t i o n s ,  c o m m e n t s ,  and p l a n t  m a t e -  
r i a l .  

L i t e r a t u r e  

A s e n ,  S.  ; S t e w a r t ,  R .  ; N o r r i s ,  K .  ; M a s s i e ,  D.  : A 
s t a b l e  b l u e  n o n - m e t a l l i c  c o - p i g m e n t  c o m p l e x  of  
d e l p h a n i n  a n d  C - g l y c o s y l f l a v o n e s  in  P r o f .  B l a a u w  
I r i s .  P h y t o e h e m i s t r y  9 ,  6 1 9 - 6 2 7  ( 1 9 7 0 )  

L e n z ,  L.  : A r e c l a s s i f i c a t i o n  of  t h e  S i b e r i a n  i r i s e s .  
A l i s o  8, 3 7 9 - 3 8 1  ( 1 9 7 6 )  

T a k e d a ,  K~;  H a y a s h i ,  K .  : O x i d a t i v e  d e g r a d a t i o n  of  
a c y l a t e d  a n t h o c y a n i n s  s h o w i n g  t h e  p r e s e n c e  of  
o r g a n i c  s u g a r  l i n k a g e s  in  t h e  3 - p o s i t i o n  of  a n t h o -  
c y a n i d i n s  : e x p e r i m e n t s  o n  e n s a t i n ,  a w o b a n i n ,  s h i -  
s o n i n .  P r o c .  J a p .  A c a d .  40,  5 1 0 - 5 1 5  ( 1 9 6 4 )  

T i f fney ,  S.  : N o t e s  on  h y b r i d i z i n g  S i b e r i a n S .  The  S i -  
b e r i a n  I r i s  3 ( 4 ) ,  6 - 1 2  ( 1 9 7 1 )  

V a u g h n ,  K .  : G e n e t i c  c o n s i d e r a t i o n s  in  t h e  S i b e r i a n  
i r i s .  The  S i b e r i a n  I r i s  3 ( 9 ) ,  9 - 1 0  ( 1 9 7 4 )  

Vaughn~ K.  : F l a v o n o i d  d i s~ ' r i bu t i on  and  g e n e t i c s  in  
t h e  r h i z o m a t o u s  I r i s .  H o n o r s  T h e s i s ,  C l a r k  U n i -  
v e r s i t y ,  D e p t .  of  B i o l o g y ,  W o r c e s t e r ,  MA (USA)  
1976 

W e r k m e i s t e r ,  P .  : I r i s  c o l o r s  a n d  p i g m e n t s .  B u l l .  
A m e r .  I r i s  S o c .  158,  2 5 - 3 3  ( 1 9 6 0 )  

W e r k m e i s t e r ,  P .  : R e d  i r i s e s  a n d  c y a n i d i n .  B u l l .  
A m e r .  I r i s  S o e .  194,  7 - 1 3  ( 1 9 6 9 )  

W e r k m e i s t e r ,  P .  ; H a y a s h i ,  K .  ; Y a s a k i ,  Y.  : U b e r  
K o n s t i t u t i o n  u n d  E r b g a n g  e i n e s  n e u e n  D e l p h i n g l y -  
c o s i d s  " F l o r i d o r i n "  a u s  d e r  G a r t e n i r i s  - S o r t e  
c v .  ' F l o r i d o r '  ( C a y e u x  1 9 2 9 ) .  Z f i c h t e r  3 6 ,  233 -  
235 (1966) 

K.C. Vaughn 
Department of Botany 
Miami University 
Oxford, OH 45056 (USA) 

T.A. Lyerla 
Department of Biology 
Clark University 
Worcester, MA 01610  (USA)  

R e c e i v e d  N o v e m b e r  1, 1977 
C o m m u n i c a t e d  by  H . F .  L i n s k e n s  


