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S u m m a r y .  A re l a t ionsh ip  between height genes  (dw locus)  and pe r iox idase  was demons t r a t ed  by ex t rac t ing  
and de t e rmin ing  pe rox idase  specif ic  ac t iv i ty  in in te rnode  t i s sue  f rom different  height i sogenic  l ines  of 
so rghum [Sorghum bicvlor (L. )  Moench] .  Tall p lants  (2 dwarf)  had l e s s  perox idase  pe r  g r am t i s sue  than 
the i r  shor t  c o u n t e r p a r t s  (3 dwarf)  ; the i r  F~ offspr ing in te rnodes  were c l o s e r  but had m o r e  pe rox idase  
than the tall  p a r e n t .  P e r o x i d a s e  in the Fe offspr ing was i n v e r s e l y  re la ted  to the i r  height and followed a 
s i m p l y - i n h e r i t e d  pa t t e rn  s i m i l a r  to that for height .  

Among different  t i s sue s  ana lyzed ,  perox idase  concen t ra t ion  m roots  was higher  than in l eaves  and i n -  
t e rnodes ,  whole in te rnode  h igher  than in pith, and seed embryo  higher  than in e n d o s p e r m .  P e r o x i d a s e  
ac t iv i ty  of nonviable  seeds  was negl ig ib le .  

I soe l ec t r i c  focusing provided a more  deta i led  pe rox idase  zymogram than did gel e l e c t r o p h o r e s i s .  Dif- 
f e r ences  in pe rox idase  bands among tal l  and shor t  pa ren ta l  p lants ,  FI and Fe segrega t ing  groups all ap -  
pea r  to be re f lec ted  by in tens i ty  d i f fe rences  r a t h e r  than by posi t ion  or  n u m b e r  of bands .  

Ac t iv i t i e s  of n i t r a t e  r educ tase  and acid phosphatase  did not c o r r e l a t e  with height .  That finding p rov ides  
a control  and sugges ts  that pe rox idase  ac t iv i ty  is  not a s soc ia t ed  with height by chance but may have a func-  
t ional  r e l a t ionsh ip .  
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In t roduct ion  

The ava i l ab i l i ty  of height i sogenic  l ines  of g r a i n  

so rghum,  Sorghum bicolorL. (Moench) ,  p rov ides  a 

unique oppor tuni ty  to s tudy the effects  of a s ing le  a l -  

l e le  on di f ferent  t r a i t s  and to specify gene -con t ro l l ed  

enzyme  ac t iv i t i e s  in f lowering p lan t s .  P e r o x i d a s e  

(EC 1 . 1 1 . 1 . 7 ) ,  a mul t i funct ional  enzyme,  in va r ious  

plant  spec ies  is  a s soc i a t ed  with the length of i n t e r -  

nodes  o r  plant  height (McCune and Gals ton  1959; 

Evans  and Al ldr idge  1965; Scher tz  et a l .  1971; Cun-  

n ingham et a l .  1975). The height g e n e - p e r o x i d a s e  

r e l a t i onsh ip  can be d e m o n s t r a t e d  with height i sogenic  

l i nes ,  without i n t e r f e r e n c e  f rom he te rogeneous  gene t -  

ic backgrounds  at o ther  loci ,  and pa i r ed  i sogen ic -  

l ines  can be d i r ec t ly  c o m p a r e d .  The i s o e l e c t r i c  focus-  

ing technique in this  s tudy r evea led  pe rox idase  i so -  

enzymes  not apparent  in disc  or  zone e l e c t r opho re s i s  

ge l s .  

Acid phosphatase  was chosen as a cont ro l  enzyme  

because  of i ts  a s soc ia t ion  with genet ic  va r i ab i l i t y  

(Brown and Al l a rd  1969) and t i s sue  spec i f ic i ty  (Ef -  

ron 1970) as well as  i ts  a s s a y  s i mp l i c i t y .  Ni t ra te  

r educ tase  was also s tudied,  to d e t e r m i n e  whether it 

had any ind i rec t  r e l a t ion  to the genes  that control  

height .  There  is evidence  that shor t  so rghum yie lds  

l e s s  g ra in  but h igher  seed p ro te in .  Ni t ra te  r educ t a se  

is  a poss ib le  control  point to in t roduce  n i t rogen  u l t i -  

mate ly  incorpora ted  into p r o t e i n s .  

Our  study r e po r t s  on perox idase ,  acid phospha-  

t a se ,  and n i t r a t e  r educ tase  ac t iv i t i e s  in four  se t s  of 

so rghum-he igh t  i sogenic  l i n e s .  We examined the r e -  

l a t ionsh ip  between perox idase  and in te rnodal  length 

in detai l  us ing  enzyme speci f ic  ac t iv i ty  m e a s u r e m e n t s  

and e l e c t r opho r e s i s  p a t t e r n s .  

Cont r ibu t ion  no.  1628-j ,  Dept.  of Agronomy and 
no.  188-j ,  Dept.  of B iochemis t ry ,  and no.  962-j ,  
Dept.  of Gra in  Science  and Indus t ry ,  Kansas  State 
Univers i ty ,  Kansas  Agr i cu l tu ra l  E x p e r i m e n t  Sta-  
t ion,  Manhat tan,  Kansas  66506. 

Materials and Methods 

Four sets of height isogenic pairs of grain sorghum, 
F~ hybrids derived from each pair, and the segregat- 
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Set Genotype 

No. of 
i n t e r -  Height  
nodes ( c m )  

1 'Redlan' 2-dwarf 

'Redlan' 3-dwarf 

F 1 

F 2 Short 

F 2 Medium 

F 2 Tall 

2 'Plainsman' 2-dwarf 

'Plainsman' 3-dwarf 

F 1 

F 2 Short 

F 2 Medium 

F 2 Tall 

3 'Martin' 2-dwarf 

'Martin' 3-dwarf 

F 1 

F 2 Short 

F 2 Medium 

F 2 Tall 
4 'Tx403' 3-dwarf 

'Tx403' 4-dwarf 

F 1 
F 2 Short 

F 2 Medium 

F 2 Tall 

dWl/dW 1 
TI 

IT 

'1  

r l  

I I  

Dw2/Dw 2 
,I 

lJ 

II 

~T 

II 

dw3/dw 3 
I I  

, I  

, f  

I I  

I I  

Dw3/Dw 3 

dw3/dw 3 

Dw3/dw 3 

dw3/dw 3 

Dw3/dw 3 

Dw3/Dw 3 

Dw3/Dw 3 

dw3/dw 3 

Dw3/dw 3 

dw3/dw 3 

Dw3/dw 3 

Dw3/Dw 3 

Dw3/Dw 3 

dw3/dw 3 

Dw3/dw 3 

dw3/dw 3 

Dw3/dw 3 

Dw3/Dw 3 

Dw3/Dw 3 

dw3/dw 3 

Dw3/dw 3 

dw3/dw 3 

Dw3/dw 3 

Dw3/Dw 3 

dw4/dw 4 11.7 167.5 

12.0 82.1 

11.7 135.7 

11.7 84.6 

11.0 127.1 

13.0 165.1 

11.3 122.7 

11.3 70.0  

11.0 90.0 

11.3 66.3 

10.7 94.7 

11.0 127.0 

10.7 116.0 

10.0 64 .2  

10.6 101.7 

10.7 67.3 

10.5 92.7 

10.5 118.8 

9.0 53.5 

8.0 37.5 

8.0 47.5 

8.5 34.1 

8.0 46.7 

9.0 54.0 

ing F2 plants  w e r e  used .  The i r  genotypes  in t e r m s  of 
height ,  number  of i n t e rnodes ,  and a v e r a g e  height  
(ground leve l  to peduncle)  w e r e  as  fol low: 

In a p r e l i m i n a r y  study we m e a s u r e d  p e r o x i d a s e  
a c t i v i t i e s  of d i f ferent  so rghum t i s s u e s ,  e spec i a l l y  
i n t e r n o d e s .  The paren ta l  l ines  and t h e i r  Fx's were  
grown in nu t r ien t  solut ion in a growth c h a m b e r .  P a -  
r en ta l  l ines  were  a lso  grown in f ie ld  p lo t s .  Boots ,  
l e a v e s ,  and in t e rnodes  w e r e  s amp led  f r o m  growth 
c h a m b e r  plants  - four  p lants  f r o m  each  l ine .  Tern- 
p e r a t u r e  in the r e a c h - i n  growth c h a m b e r  was m a i n -  
ta ined at 26-28~ (12 h r )  and 24~ night .  Light in -  
t ens i ty  was 27K lux at the s o u r c e .  F r o m  the plot  
m a t e r i a l s  ( M a y - J u n e  1972) s a m p l e s  of l e a v e s  and 
in t e rnodes  w e r e  taken at d i f fe ren t  s t ages  dur ing 
growth and ana lyzed  for  p e r o x i d a s e  ac t iv i ty .  Single  
s eeds  of the pa ren ta l  l ines  w e r e  a l so  ana lyzed  ( d o r -  
mant o r  g e r m i n a t e d  40 hou r s )  on blot pape r  in pe t r i  
d i s h e s .  

One y e a r  a f t e r  the p r e l i m i n a r y  s tudy,  the p a r e n -  
tal l ines  and F~ of each  set  w e r e  planted in 3 - r o w  
plots  and F~ of each  set  was planted in 5 - row plots  
at the Agr i cu l t u r a l  E x p e r i m e n t a l  F a r m ,  Manhat tan,  

Kansas. Four upper internodes were taken from two 
plants in each plot at each of the three stages: head- 
ing, flowering, and soft dough. 

To extract peroxidase, Ig of tissues was ground 
with 2g sand in 4ml of cold 30 ~ saturated (NH4)2S0~ 
(175g ammonium sulfate added to I liter distilled 
water) and centrifuged at 20,000 • g(3~ for 10 
minutes. The supernatant fraction, stored at 0~ 
was assayed for peroxidase the same day or was 
frozen and stored at -20~ for assay later. For 
single-seed analyses, I ml 30 % saturated (NH~)~S04 
and 0.2g sand were used. 

The internode extracts were concentrated by add- 
ing (NH~)2S04 to near saturation at 4~ (0.4g added 
to each ml of extract with continuous stirring). After 
8 hours, samples were centrifuged, the precipitate 
dissolved in 0.02 ionic strength pH 8 Tris buffer, 
and dialyzed against that buffer. Aliquots were then 
used directly for zone electrophoresis or isoelectric 
forcusing. 

Peroxidase activity was measured with guaiaeol 
at pH 6 by the method of Johnson and Cunningham 
(1972) .  
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Zone electrophoresis 

A thin,  r e c t a n g u l a r  s l ab  of a g a r o s e  (1% in 0 .02  ionic 
s t r eng th  Tr is /HC1 buffer  pH 8) was the m a t r i x .  
Sample  appl ica t ion ,  e l e c t r o p h o r e s i s ,  and d i aminoben -  
z id ine  s ta in ing were  by the method of Cunningham et 
a l .  (1975) adapted f r o m  Cawley  ( 1969).  

I s o e l e c t r i c  focusing 

Our  method was based  on de sc r i p t i ons  by Bour s  
(1973),  V e s t e r b e r g  and Svenson (1966) ,  and Awdeh 
et a l .  (1968) .  The appara tus  was buil t  with p lex ig las  
fol lowing,  in g e n e r a l ,  the model  of V e s t e r b e r g  and 
Svenson (1966) .  P o l y a c r y l a m i d e  gel  s labs  (5~ w / v  
a c r y l a m i d e ,  2 ~ w / v  LKB amphol ine )  were  made a c -  
co rd ing  to Bour s  (1973) .  A gel  mold was p r e p a r e d  
with two g l a s s  p la tes  (one t r e a t e d  with d i c h l o r o d i m e -  
t hy l s i l ane )  c l amped  o v e r  a U-shaped  gaske t  of f lat  
1 .5  mm Tygon. P o l y m e r i z a t i o n  was for  1-2 hr  at 
24~ with two 20 W daylight  f l uo re scen t  l amps  about 
10am on each s ide  of the ge l .  Sample  (2~ of d ia lyzed  
c o n c e n t r a t e )  was appl ied by pipet t ing onto sma l l  f i l t e r  
pape r  s q u a r e s  and laying them on the gel s u r f a c e .  The 
p la t inum e l e c t r o d e s  con tac ted  f i l t e r  pape r  s t r i p  r e -  
s e r v o i r s  flat on the gel  ends ,  one soaked  with 
0 .5  M NaoH, the o the r  with 0 . 5  M Ha P0~.  Focus ing  
was at 1 5 v / c m  overn igh t ,  with c i r cu l a t i ng  i ce  wa-  
t e r  coolan t .  P e r o x i d a s e  de tec t ion  was by i m m e r s -  
ing the ge ls  in d iaminobenz id ine  s ta in  as d e s c r i b e d  
for  a g a r o s e  zone e l e c t r o p h o r e s i s  e x p e r i m e n t s ,  pH 
g rad ien t  was m e a s u r e d  with a 6 mm d i a m e t e r  f lat  
e l e c t r o d e  (Ingold 403 -30 -M8) .  In c o n t r a s t  to aga -  
r o s e  s l abs ,  the p o l y a c r y l a m i d e  s labs  r e q u i r e d  s p e -  
c ia l  t r e a t m e n t  to p r e s e r v e  c l a r i t y .  We adapted the 
method of Danger f i e ld  and F a u l k n e r  (1963) ,  using 
1 7~ a g a r o s e  and 5 7~ g l y c e r o l .  A hard ,  t r a n s p a r e n t  
l a y e r  was obtained a f t e r  drying two days .  

Acid  P h o s p h a t a s e  

A method modif ied  f r o m  Uehara  et a l .  (1974) was 
used .  The r eac t i on  mix tu r e  conta ined 720 ~moles  
sod ium ace t a t e  buffer ,  pH 5.8 ,  3 .6  ~moles  p - n i t r o -  
phenylphosphate ,  and 0 . 5  ml a p p r o p r i a t e l y  di luted 
e n z y m e  o r  d i s t i l l ed  wa te r ,  in a final vo lume  of 3 .0  m l .  

Af t e r  incubat ing 10 min at 35~ the r eac t ion  
was s topped by adding 1.0 ml of 0 .4  N Na0H. Ab-  
s o r b a n c e  at 410 nm was c o n v e r t e d  to ~moles  sub-  

s t r a t e  h y d r o l y z e d / m i n / m l  enzyme  taking e4~on, = 
17 m M - ~ c m  "~ for  p -n i t r opheno l .  

N i t r a t e  r e d u c t a s e  

N i t r a t e  r e d u c t a s e  ac t iv i ty  in intact  l ea f  t i s sue  was 
d e t e r m i n e d  by the method of J a w o r s k i  ( 1971 ).  Ap-  
p r o x i m a t e l y  100 mg of l ea f  t i s s u e  was suspended in 
a s t oppe red  tes t  tube conta ining 5 ml of ex t r ac t i on  
med ium (0 .1  M phosphate  buffer ,  pH 7 . 5 ;  0 .02  M 
KN03 ; 5 ~ p ropanol ;  and two drops  of c h l o r a m p h e n i -  
c o l ) ,  incubated at 25~ for  1 h r ,  then l ml of l g 
su l fan i l i c  ac id  in 3N HC1 and l m l  of 0 . 0 2 % N - 1 -  
Naphthyl e thy lened iamine  hyd roch lo r i de  w e r e  added.  
A bso rbance  was r ead  at 540 nm.  

Resu l t s  

1. Single Seed Analysis 

Pe rox ida se  a c t i v i t i e s  in s ing le  dormant  and g e r m i n a t -  

ing seeds  and those  of e n d o s p e r m ,  e n d o s p e r m  plus 

e m b r y o ,  and nonviable  seeds  a r e  shown in Table 1. 

E n z y m e  ac t i v i t i e s  did not d i f fe r  s ign i f ican t ly  among 

the t h r ee  genotypes  within each  se t .  Thus p e r o x i d a s e  

ac t i v i t i e s  o r  amount  of p e r o x i d a s e  in dormant  and 

g e r m i n a t i n g  seeds  did not r e f l e c t  d i f f e r e n c e s  in plant 

height that a r e  apparen t  between tal l  and shor t  geno-  

types  at ma tu r i t y .  Seed embryo  is  the p r i m a r y  s i t e  of 

p e r o x i d a s e  and only v iab le  seeds  show the e n z y m e  a c -  

t iv i ty .  P e r o x i d a s e  ac t iv i ty  of dormant  s eeds  was lower  

and v a r i e d  l e s s  than that of ge rmina t i ng  s e e d s .  G r e a t e r  

va r i a t i on  in enzyme  ac t iv i ty  of g e r m i n a t i n g  s eeds  i s  

expec ted  because  of  d i f f e r e n c e s  in age,  r a t e  of  wa te r  

absorp t ion ,  s t o r a g e  condi t ions ,  e t c .  Such va r i a t i on  

in s ing le  seed  p e r o x i d a s e  ac t i v i t i e s  points  out that 

many seeds  should be ana lyzed  when inves t iga t ing  

e n z y m e  d i f f e r e n c e s  among genotypes .  

Table 1. P e r o x i d a s e  ac t iv i ty  (~mole  H = 0 s / m i n / g  t i s s u e )  in s i ng l e  s eeds  

' R e d l a n '  ' P l a insman '  'Mart in '  ~rx403' 

Genotype 2dw 3dw F 1 LSD 2dw 3dw F 1 LSD 2dw 3dw F 1 LSD 2dw 3dw F 1 LSD 

Dormant  s eeds  4.8 5.2 4 .8  0 .6  4.9 4 .4  4.4 0 .6  5.6 5.6 5.6 0 . 5  11.2 11.3 10.7 1.3 

G e r m i n a t i n g  7 7 8 .4  7 1 1.6 7 .6  7 6 6 .9  1.5 8 .8  9 .5  6 .7  3.1 14.3 13.3 19.2 6 .8  
Seeds " " " 

Endosperm . . . . . . . . .  0.8 . . . .  

Endosperm + 
embryo . . . . . . . . .  5.0 . . . . .  

Nonviable 

Seeds . . . . . . . . .  0.0 . . . . .  
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T a b l e  2.  P e r o x i d a s e  a c t i v i t y  ( ~ m o l e  H 2 0 2 / m i n / g  t i s s u e )  in  l e a f ,  s t e m ,  a n d  r o o t  of  f i v e - w e e k - o l d  s o r g h u m  
p l a n t s  g r o w n  in  g r o w t h  c h a m b e r s  

'Redlan' 'Plainsman' 'Martin' 'Tx403' 

Tissues 2dw 3dw F I LSD 2dw 3dw F I LSD 2dw 3dw F 1 LSD 3dw 4dw F 1 LSD 

Leaf 1.4 1.2 1.5 0.3 1.0 1.4 1.2 0.4 1.0 1.5 1.5 0.4 0.9 1.0 1.2 0.4 
Stem 1.7 1.4 1.2 0.6 1.3 1.4 1.1 0.4 1.2 1.4 1.7 0.6 1.8 1.5 1.8 0.4 
Root 6.7 6.7 6.4 1.2 9.2 7.3 10.6 2.5 12.1 9.2 8.3 3.4 5.8 9.1 11.4 3.8 

T a b l e  3.  P e r o x i d a s e  a c t i v i t i e s  ( ~ m o l e  H 2 0 2 / m i n / g  t i s s u e )  in  i n t e r n o d e s  a n d  in  f l ag  l e a f  a t  h e a d i n g  s t a g e  
(8 w e e k s  a f t e r  g e r m i n a t i o n )  f o r  s o r g h u m  i s o g e n i c  l i n e s  

' R e d l a n '  ' P l a i n s m a n '  ' M a r t i n '  'Tx403'  

T i s s u e s  2 d w  3 d w  F 1 LSD 2 d w  3 d w  F 1 LSD 2 d w  3 d w  F 1 LSD 3 d w  4 d w  F 1 LSD 

G r o w t h  
c h a m b e r  : 
I n t e r n o d e s  1 5 . 2 0  2 3 . 4 6  1 6 . 5 0  5 . 8 9  6 . 5 0  1 1 . 6 8  8 . 4 2  3 . 7 4  5 . 4 7  1 1 . 5 8  5 . 7 9  3 . 3 2  - 
F l a g  l e a f  1 1 . 5 2  1 1 . 2 0  1 1 . 5 2  2 . 7 5  1 1 . 2 0  1 2 . 4 8  1 1 . 6 0  2 . 2 7  1 1 . 2 0  1 2 . 1 6  1 3 . 1 2  2 . 8 5  - 

F i e l d :  
I n t e r n o d e s  1 . 8 6  3 . 1 7  - 1 . 0 6  1 . 4 4  2 . 8 8  - 0 . 9 3  1 . 1 5  2 . 1 8  0 . 8 0  1 . 7 9  2 . 5 3  - 0 . 9 0  
F l a g  l e a f  1 0 . 7 6  1 2 . 4 8  - 1 . 8 6  1 1 . 0 7  1 0 . 5 6  - 2 . 3 7  1 4 . 8 8  1 5 . 3 6  2 . 3 4  1 3 . 4 4  1 3 . 6 0  - 6 . 6 9  

T a b l e  4 .  P e r o x i d a s e  a c t i v i t i e s  ( ~ m o l e  H s 0 2 / m i n / g / t i s s u e )  in  w h o l e  s e c t i o n  a n d  in  i n n e r  
s e c t i o n  ( p i t h )  of  i n t e r n o d e s  in  s o r g h u m  v a r i e t y  ' M a r t i n '  

F 2 

I n t e r n o d e  n u m b e r  2 dw 3 dw F 1 S h o r t  M e d i u m  Ta l l  

I n n e r  s e c t i o n  

W h o l e  s e c t i o n  

1 1 . 2 8  2 . 4 8  1 . 7 0  2 . 5 9  1 . 5 5  1 . 7 6  
2 1 . 2 2  3 . 1 2  2 . 8 2  2 . 3 5  1 . 5 2  1 . 4 1  
3 0 . 9 3  1 . 9 0  2 . 7 0  2 . 8 5  1 . 1 5  2 . 1 6  
4 0 . 8 2  2 . 1 0  1 . 2 6  1 . 6 0  1 . 5 4  1 . 1 7  
Avg  1 . 0 6  2 . 3 9  2 . 1 2  2 . 3 5  1 . 4 4  1 . 6 3  

1 1 . 3 8  2 . 5 3  2 . 5 0  2 . 5 6  1 . 4 7  1 . 3 1  
2 1 . 4 9  4 . 6 6  2 . 9 6  2 . 9 1  1 . 5 4  1 . 6 5  
3 2 . 0 2  3 . 4 7  2 . 7 4  2 . 9 3  1 . 6 2  1 . 3 4  
4 1 . 6 5  3 . 3 8  1 . 6 3  3 . 1 2  2 . 0 0  1 . 2 2  
A vg  1 . 6 3  3 . 5 1  2 . 4 6  2 . 8 8  1 . 6 6  1 . 3 8  

2. P e r o x i d a s e  A c t i v i t i e s  in  D i f f e r e n t  T i s s u e s  

The  a v e r a g e  p e r o x i d a s e  a c t i v i t i e s  in  l e a f ,  s t e m ,  a n d  

r o o t  of f i v e - w e e k - o l d  p l a n t s  g r o w n  in  g r o w t h  c h a m b e r  

a r e  s h o w n  in T a b l e  2.  N o n e  of  t h e  e n z y m e  a c t i v i t e s  

s h o w e d  a n y  p a t t e r n  i n d i c a t i n g  h e i g h t  d i f f e r e n c e s .  Tha t  

w a s  p r o b a b l y  b e c a u s e  i n t e r n o d e s  of  y o u n g  p l a n t s  a r e  

no t  we l l  d i f f e r e n t i a t e d  n o r  e l o n g a t e d  to t h e i r  m a x i m u m  

l e n g t h ;  e x p r e s s i o n  of  d i f f e r e n t i a l  p e r o x i d a s e  a c i t i v i t y  

d e p e n d s  on  a g e .  Roo t  t i s s u e  h a d  t h e  h i g h e s t  p e r o x i d a s e  

a c t i v i t y  in  t h e s e  m a t e r i a l s .  

At  h e a d i n g  s t a g e  (8 w e e k s  a f t e r  g e r m i n a t i o n ) ,  

p e r o x i d a s e  a c t i v i t i e s  w e r e  d e t e r m i n e d  f o r  t h r e e  s e t s  

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

i s o g e n i c  l i n e s .  I n t e r n o d e  a c t i v i t i e s  a r e  a v e r a g e s  f r o m  

a l l  i n d i v i d u a l  i n t e r n o d e s  in  a s i n g l e  s t a l k .  F l a g  l e a f  
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Tab le  5. P e r o x i d a s e  a c t i v i t i e s  ( ~ m o l e  H ~ 0 2 / m i n / g  
t i s s u e )  of  i nd iv idua l  i n t e r n o d e s  

'Martin' 'P I ains man' 
Internode 
number 2 dw 3 dw F 1 2 dw 3 dw F 1 

1 6 . 3 4  9 . 2 2  7 . 6 8  3 . 9 4  4 . 1 6  7 . 8 4  
2 5 .31  10 .05  9 . 7 9  3 . 5 2  10 .56  15 .68  
3 5 .44  12 .29  6 . 7 2  8 . 3 2  10 .56  8 . 3 2  
4 6 . 0 8  8 . 2 6  5 .92  9 .41  10 .24  6 . 7 2  
5 4 . 8 6  11 .52  4 . 4 8  11 .52  11 .20  6 . 0 8  
6 9 . 6 0  18 .24  5 .28  6 . 0 8  16 .32  6 .40  
7 4.74 5.89 4.80 6 . 7 2  12~48 6 . 7 2  
8 6 . 3 4  3 .46  5 .70  6 . 4 0  1 2 . 0 0  5 .76  
9 4 . 5 4  3 . 5 2  5 .31  5 .92  1 1 . 5 2  8 . 9 6  

10 3 .46  6 . 5 3  4 . 8 0  5 .12  9 . 3 8  6 . 7 2  
11 5 .06  6 . 4 0  5 .60  5 .60  1 1 . 5 2  7 . 0 4  
12 3 . 8 4  5 .92  4 . 4 8  5 .60  - 6 . 7 2  
13 4 . 6 1  - 5 .60  - - - 
14 3 . 5 8  - 4 . 2 9  - - - 
Avg  5 .27  8 . 4 4  5 .75  6 .51  10 .90  7 . 7 5  

a c t i v i t y  i s  f r o m  an a l i quo t  o f  to ta l  l e a f  h o m o g e n a t e .  

The r e s u l t s  a r e  p r e s e n t e d  in Tab le  3. 

F o r  g r o w t h  c h a m b e r  m a t e r i a l  t he  3 - d w a r f  p l a n t s  

had  s i g n i f i c a n t l y  h i g h e r  p e r o x i d a s e  a c t i v i t y  in i n t e r -  

n o d e s  t h a n  t h e  c o r r e s p o n d i n g  2 - d w a r f  and  t h e  F 1 ' s .  

The 2 - d w a r f  and  F 1 p l a n t s  d id  not  d i f f e r  s i g n i f i c a n t -  

l y .  F o r  f i e l d  g r o w n  m a t e r i a l ,  a l l  3 - d w a r f  t y p e s  had  

h i g h e r  p e r o x i d a s e  a c t i v i t y  in  t he  i n t e r n o d e s  t han  c o r -  

r e s p o n d i n g  2 - d w a r f  p l a n t s .  D i f f e r e n c e s  o b s e r v e d  b e -  

t w e e n  i n t e r n o d e s  of  3 - d w a r f  and  4 - d w a r f  w e r e  not  s t a -  

t i s t i c a l l y  s i g n i f i c a n t .  None  of  t h e  p e r o x i d a s e  a c t i v i t i e s  

in  f l a g  l e a f  d i f f e r e d  s i g n i f i c a n t l y  b e t w e e n  h e i g h t  t y p e s  

w i th in  any  s e t .  

F o r  i n t e r n o d e s  t h e r e  w a s  s o m e w h a t  m o r e  p e r o x i -  

d a s e  in t h e  p e r i p h e r a l  r e g i o n  than  in  t he  c e n t r a l  r e -  

g i o n .  When  i n t e r n o d e  o u t e r  l a y e r s  w e r e  r e m o v e d ,  

p e r o x i d a s e  a c t i v i t y  was  l o w e r  t han  f o r  i n t a c t  i n t e r -  

n o d e s ,  e x c e p t  f o r  F 2 ta l l  p l a n t s  (Tab le  4 ) .  

P e r o x i d a s e  a c t i v i t y  a l s o  v a r i e d  f r o m  top  i n t e r -  

n o d e s  to l o w e r  o n e s .  U s u a l l y  we u s e d  t h e  a v e r a g e  

a c t i v i t y  of  t he  top  f o u r  to s i x  i n t e r n o d e s  to r e p r e s e n t  

o v e r a l l  e n z y m e  a c t i v i t y  f o r  t h e  p l a n t .  A good  c o r r e l a -  

t i on  e x i s t s  b e t w e e n  to ta l  p e r o x i d a s e  and  t h a t  f o r  t he  

top  4-6  i n t e r n o d e s  ( r  = 0 . 9 4 ) .  The p e r o x i d a s e  a c t i v i -  

ty  f o r  i nd iv idua l  i n t e r n o d e s  i s  s h o w n  in Tab le  5 ( ' M a r -  

t i n '  a n d  ' P l a i n s m a n '  c u l t i v a r s  o n l y ) .  

3.  I n t e r n o d a l  P e r o x i d a s e  A c t i v i t i e s  o f  P a r e n t a l  L i n e s  

and  T h e i r  O f f s p r i n g  

Average internode number, plant height of two paren- 

tal lines, their FI, and three types of F 2 plants of 

each set, and peroxidase activities measured at three 

different stages are given in Table 6. 

Number of internodes in the parental lines, FI, 

and segregating F 2 plants did not differ significantly. 

However, plant height or internodal length was notably 

different between tall and short parents. The F 2 me- 

dium-height plants were, similar to F I plants, inter- 

mediate between the two parental lines. Peroxidase 

activity was similar for the three maturity stages 

measured in each plant type but differed significantly 

between tall and short plants. The F I and F 2 medium- 

height plants had intermediate peroxidase activity. 

Those results showed that the tall plants were lowest 

in peroxidase activity, while short plants consistently 

had more peroxidase activity. Medium-height plants 

had intermediate activities. The only exception to the 

inverse relationship between height and peroxidase 

activity was the F 2 population of 'Tx403' where 

peroxidase activities of medium and short plants ap- 

peared to be similar. 

Although 'Redlan ' ,  'Plainsman',  and 'Martin ' 

carry the same height genes, their absolute heights 

differed and the peroxidase activity did not correspond 

exactly to those heights. For example, 'Martin' 2- 

dwarf and 3-dwarf types are the shortest among the 

three varieties but the peroxidase activity was the 

lowest among the three varieties instead of being the 

highest as anticipated. Quinby (1975) postulated that 

height difference results from allelic differences in 

various cultivars and the allelic difference may also 

cause variations in the absolute peroxidase activities 

of the cultivars. 

4. C o r r e l a t i o n  b e t w e e n  p e r o x i d a s e  a c t i v i t y  in  d i f f e r -  

en t  tissues and plant height 

P e r o x i d a s e  a c t i v i t i e s  o f  d o r m a n t  and  g e r m i n a t i n g  

seeds, leaves, roots, and internodes from four sets 

of height-isogenic lines were determined and evaluat- 

ed for correlation with height. The correlation coeffi- 

cients are shown in Table 7. The association between 
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Table 6. Number  of in t e rnodes ,  plant height ,  and in te rnoda l  p e r o x i d a s e  ac t i v i t i e s  (~mole  H 2 0 J m i n / g  t i s sue )  of 

'Redlan'  'P la insman '  

C h a r a c t e r i s -  2 dw 3 dw F 1 F 2 2 dw 3 dw F 1 F 2 
t i c s  

Tall Med Short  Tall Med Short  

No. of 
i n t e rnodes  11.7 12.0 11.7 13.0 11.0 11.7 11.3 11.3 11.0 11.0 10.7 11.3 

Height ( cm)  167.5 82.1 135.7 165.1 127.1 84.6 122.7 70.0 90.0 127.0 94.7 66.3  

P e r o x i d a s e  
ac t iv i ty  at 
s t age  of 
F l o w e r i n g  2.35 3.92 2.35 2 .02 3.49 4.19 2.59 4 .45 2 .82 2.59 2.61 3.87 
Dough 2.08 4.40 1.86 1.74 2.00 3.98 2.66 5.06 2.58 2.14 2.90 3 .55 
Hard  dough 1.81 3.34 3.04 2.18 2.34 2.94 2.48 3.71 3.10 2.21 2.32 4.18 
Mean 2.08 3.89 2.42 1.98 2.61 3.71 2.58 4.40 2.83 2.32 2.61 3.87 

Table 7. C o r r e l a t i o n  coe f f i c i en t s  between p e r o x i d a s e  ac t iv i ty  and plant height  in s e e d s ,  r o o t s ,  and in te rnodes  fo r  
height i sogen ic  p a i r s  and t he i r  F~ gene ra t ions  of four  so rghum v a r i e t i e s  

Leaves 
In te rnodes  

Seeds  Roots  5-wk old 
Growth (Growth growth F i e l d  F i e l d  

G e r m i n a t -  c h a m b e r  F i e l d  c h a m b e r  c h a m b e r  grown grown 
Genotypes  Dormant  ing grown grown grown)  grown p a r e n t s  F~ 

'Redlan'  -0 .21  - 0 . 2 2  0 .18  -0 .31  0 .14  0 .11 -0 .61  -0 .78  
~ l a i n s m a n '  0 .22  -0 .01  0 .37  0 .22  0 .20  -0 .24  -0 .64  -0 .69  
'Mart in '  0 .02  - 0 . 1 9  -0 .41  -0 .18  0 .31  - 0 . 2 5  - 0 . 5 9  -0 .71  
"rx403' - 0 ,10  0 .11  - 0 . 3 5  - 0 . 1 7  -0 .29  0 .06  -0 .77  -0 .74  

The va lues  must  exceed  0 .58  to be s ign i f ican t  (P < 0 . 0 5 ) .  

s eed  p e r o x i d a s e  and height  was low and v a r i a b l e ;  the 

s a m e  was t rue  fo r  l e a v e s  and roo t s  ; a l so  for  i n t e r -  

node t i s s u e  f rom 5-week old p lan t s ,  where  e longat ion 

of in t e rnodes  i s  not c o m p l e t e .  Only in ful ly e longated  

i n t e rnodes  of tal l  and shor t  height  i sogen ic  p a i r s  and 

t he i r  F 2 height  s e g r e g a t e s  was p e r o x i d a s e  nega t ive ly  

a s s o c i a t e d  with height  cons i s t en t l y .  P e r o x i d a s e  is  

c l e a r l y  h igher  in in t e rnodes  of shor t  p lants  than in 

in t e rnodes  of t he i r  t a l l e r  i sogen ic  c o u n t e r - p a r t s .  

5. Acid P h o s p h a t a s e  Act iv i ty  (APA) 

A c i d p h o s p h a t a s e  was chosen  as a neu t ra l  e n z y m e  (a 

con t ro l )  for  c o m p a r i n g  enzymes  that may c o r r e l a t e  

with in te rnode  length .  Acid  phospha tase  and p e r o x i -  

dase  were  e x t r a c t e d  and a s s a y e d  f r o m  height  i sogen -  

ic  plants  grown in the s a m e  p lo t s .  Height d i f f e r e n c e s  

produced  s igni f icant  d i f f e r e n c e s  in p e r o x i d a s e  but not 

phospha tase  a c t i v i t i e s  ; a lso  phospha tase  v a r i e d  s i g -  

n i f icant ly  f r o m  in te rnode  to in te rnode  while p e r o x i -  

dase  did not (Table 8 ) .  

Our  ana lyses  showed that plant height d i f f e r ences  

a r e  l inked to p e r o x i d a s e  r a t h e r  than the a s soc i a t i on  

Table 8. Ana lyses  of v a r i a n c e  fo r  p e r o x i d a s e  and 
ac id  phospha tase  ac t i v i t i e s  in top four  in te rnodes  of 
'Mart in '  height i sogen ic  l ines  and t he i r  d e r i v a t i v e s  

Mean s q u a r e s  

Sourve  of df P e r o x i d a s e  Acid  
v a r i a t i o n  phospha tase  

Height (H) 5 2 6 . 1 - *  2.0 
P l a n t s  within 
height  12 2.7 2.6 
In ternode  (1) 3 2.6 1 .2"*  
H • I 15 1.6 0 .2  
E r r o r  36 1.3 0 . 2  

** P < 0.01 
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'Martin' 'Tx403' 

2 dw 3 dw F 1 F 2 3 dw 4 dw 

Tal l  M e d  S h o r t  

F 1 F 2 

Tal l  M e d  S h o r t  

1 0 . 7  1 0 . 0  1 1 . 0  1 0 . 5  1 0 . 5  1 0 . 7  9 . 0  8 . 0  

1 1 6 . 0  6 4 . 2  1 0 1 . 7  1 1 8 . 8  9 2 . 7  6 7 . 3  5 3 . 5  3 7 . 5  

8 . 0  9 . 0  8 . 0  8 . 5  

4 7 . 5  5 4 . 0  4 6 . 7  3 4 . 1  

2 . 2 6  3 . 5 8  1 . 8 2  2 . 1 6  2 . 1 6  3 . 2 3  2 . 3 0  6 . 5 4  
1 . 6 3  3 . 5 0  2 . 4 6  1 . 3 8  1 . 6 6  2 . 4 8  - - 
1 . 6 0  3 . 0 4  2 . 1 9  1 . 7 8  2 . 3 2  3 . 2 5  3 . 0 2  4 . 7 2  
1 . 8 2  3 . 3 8  2 . 1 6  1 . 7 8  2 . 0 5  2 . 9 9  2 . 6 7  5 . 6 3  

3 . 4 1  3 . 2 8  5 . 3 6  5 . 4 4  

3 . 7 1  3 . 8 9  5 . 6 6  5 . 5 4  
3 . 5 7  3 . 5 8  5 . 5 2  5 . 4 9  

being a chance event. In marked contrast, the phos- 

phatase seemed not to be influenced by height at all. 

However, the positive correlation (r = 0.54) between 

peroxidase and phosphatase indicates that they are 

associated in some manner, not necessarily related 

to the height gene. 

6.  N i t r a t e  R e d u c t a s e  A c t i v i t y  

The  p r o t e i n  c o n t e n t  a n d  t h a t  of  s e v e n  e s s e n t i a l  a m i n o  

a c i d s  w e r e  d e t e r m i n e d  f o r  s e e d s  f r o m  t h e  p a i r e d  

i s o g e n i c  l i n e s  ( T a b l e  9 ) .  A n a l y s e s  of  v a r i a n c e  in  p r o -  

t e i n  c o n t e n t  r e v e a l e d  t h a t  t h e  g e n e t i c a l l y  s h o r t e r  l i n e s  

h a d  s i g n i f i c a n t l y  m o r e  p r o t e i n ;  p r o t e i n  p e r c e n t a g e  

was  c o n s i s t e n t l y  h i g h e r  in  s h o r t e r  p l a n t s  t h a n  t h e i r  

t a l l  c o u n t e r p a r t s  f o r  a l l  i s o g e n i c  p a i r s .  A m i n o  a c i d  

c o n t e n t  d id  no t  d i f f e r  b e t w e e n  s e e d  p r o t e i n  in  s h o r t  

a n d  t a l l  i s o g e n i c  p l a n t s  e x c e p t  f o r  m i n o r  v a r i a t i o n s  

in  a r g i n i n e  a n d  l e u c i n e .  

Tal l  i s o g e n i c  p l a n t s  y i e l d  m o r e  g r a i n  ( C a d a d y  

1965)  but  h a v e  l e s s  p r o t e i n  t h a n  t h e i r  s h o r t  c o u n t e r -  

p a r t s .  D i f f e r e n c e  i n  p r o t e i n  m a y  r e s u l t  f r o m  d i f f e r -  

e n c e s  in  s u c h  e n z y m e s  a s  n i t r a t e  r e d u c t a s e  o r  l ow  

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

e f f e c t  a s  m o r e  g r a i n  i s  p r o d u c e d .  N i t r a t e  r e d u c t a s e  

a c t i v i t y  w a s  a s s a y e d  in  s e e d l i n g  a n d  f u l l y - g r o w n  

p l a n t s  f o r  a l l  t h e  p a i r e d  i s o g e n i c  l i n e s .  The  r e s u l t s  

a r e  p r e s e n t e d  in  T a b l e  10.  

T h e r e  i s  no o b v i o u s  p a t t e r n  f o r  n i t r a t e  r e d u c t a s e  

a c t i v i t i e s  in  s h o r t  p l a n t s  v e r s u s  t a l l  o n e s  in  any  of  

t h e  i s o g e n i c  p a i r s .  S t a t i s t i c a l  a n a l y s e s  s h o w e d  no  

s i g n i f i c a n t  d i f f e r e n c e s  f o r  n i t r a t e  r e d u c t a s e  a m o n g  

s h o r t ,  t a l l ,  o r  t h e i r  F 1 p l a n t s  a t  a n y  d e v e l o p m e n t a l  

s t a g e .  

Table 9. Seed protein percentage of total amino acid percentage in protein for nine amino acids (corrected to 
100 % recovery) in sorghum 2-dwarf and 3-dwarf isogenic lines 

'Redlan' 'Plainsman' 'Martin' 'Tx403' 

Short Tall Short Tall Short Tall Short Tall 

P r o t e i n  (g )  1 2 . 9  1 2 . 5  1 3 . 9  1 2 . 6  1 4 . 5  1 3 . 2  1 0 . 2  9 . 5  
L y s i n e  1.  643 1. 651 1 . 8 0 1  1. 826 1. 486 1. 758 2.  377 2 .311  
M e t h i o n i n e  1. 166 1. 159 1. 197 1. 143 1. 322 1. 382 1. 277 1. 254 
H i s t i d i n e  2.  106 2. 019 1. 958 2 . 0 2 3  2 . 6 3 5  2 . 0 2 7  3 . 0 8 3  2. 310 
P h e n y l a l i n e  4 . 9 5 4  4. 955 5 . 1 9 4  5. 177 5 . 0 7 7  4 . 9 6 5  4.  844 4.  891 
V a l i n e  4.  495 4 . 6 5 1  4. 146 4. 256 4 . 7 1 1  4. 570 5 . 0 6 0  4 . 9 8 9  
A r g i n i n e  3 . 0 9 4  3. 167 3 . 0 0 0  3. 306 2. 899 3. 343 3 . 7 5 5  3. 878 
L e u c i n e  1 4 . 0 4 2  13.  866 13.  814 14.  144 14.  175 14.  352 13.  212 12.  960 
I s o l e u c i n e  3.  602 3. 630 3.  737 3 . 7 1 5  3 . 6 9 8  3.  667 3 . 6 1 2  3. 504 
T h r e o n i n e  3 . 0 6 2  3. 189 3 . 0 8 4  3.  495 3 . 0 4 8  3 . 1 5 3  3 .  202 3. 227 
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F i g .  1. I s o e l e c t r i c  f o c u s i n g  e l e c t r o p h o r e s i s  s h o w i n g  p e r o x i d a s e  
i s o z y m e s  ( l e f t )  a n d  d i a g r a m m a t i c  p r e s e n t a t i o n  of  t h e  b a n d s  
( r i g h t ) .  A .  ' M a r t i n '  3 - d w a r f ,  B .  ' M a r t i n '  2 - d w a r f ,  C .  F~ 
(3 dw • 2 d w ) ,  D.  F~ t a l l ,  E .  F~ m e d i u m ,  F .  F2 s h o r t  

T a b l e  10.  N i t r a t e  r e d u c t a s e  a c t i v i t y  ( ~ m o l e  N 0 e / g / h r )  in  l e a v e s  of  s o r g h u m  h e i g h t - i s o g e n i c  p a i r s  a t  d i f f e r e n t  
d e v e l o p m e n t a l  s t a g e s  

' R e d l a n '  ' P l a i n s m a n '  ' M a r t i n '  'Tx403'  
D e v e l o p m  en t  
s t a g e  S h o r t  Tal l  F 1 S h o r t  Ta l l  F 1 S h o r t  Ta l l  F 1 S h o r t  Ta l l  F 1 

G r o w t h - c h a m b e r  g r o w n  

4 - l e a f  s t a g e  2 . 0 7  1 . 5 5  
5 - l e a f  s t a g e  0 . 8 2  0 . 8 4  
6 - l e a f  s t a g e  2 . 0 9  2 . 3 1  
10 l e a f  s t a g e  1 . 9 4  1 . 9 1  2 . 1 7  

F i e l d - g r o w n  

Ha l f  b l o o m  6 . 3 4  8 . 2 0  6 . 1 7  
Sof~ d o u g h  8 . 0 9  7 . 3 0  6 . 1 7  
D o u g h  6 . 9 5  7 . 5 0  7 . 6 9  
H a r d  d o u g h  4 . 0 5  5 . 9 0  3 . 7 0  

1 . 8 5  2 . 1 0  - 2 . 3 1  1 . 9 7  - 2 . 1 0  1 . 7 6  - 
0 . 9 4  1 . 5 7  - 0 . 7 3  1 . 0 5  - 1 . 5 2  0 . 7 6  - 
2 . 7 2  3 . 5 1  - 3 . 8 9  3 . 0 3  - 5 . 1 5  6 . 0 9  
4 . 6 0  4 . 3 9  4 . 8 0  2 . 4 8  2 . 9 0  3 . 4 9  2 . 5 5  3 . 0 0  2 . 6 7  

6 . 4 7  7 . 5 4  7 . 0 3  4 . 5 1  5 . 8 0  4 . 5 1  7 . 3 6  8 . 2 4  7 . 0 1  
9 . 9 0  1 1 . 2 1  7 . 0 3  6 . 8 7  7 . 1 0  6 . 4 0  5 . 0 2  6 . 3 0  5 . 6 2  
8 . 5 5  6 . 7 6  7 . 8 1  7 . 3 5  5 . 4 5  5 . 0 2  5 . 9 8  5 . 0 5  5 . 4 7  
5 . 8 5  5 . 9 5  5 . 7 0  7 . 1 0  7 . 2 0  6 . 3 0  4 . 8 6  5 . 9 1  6 . 4 1  

7 .  E l e c t r o p h o r e s i s  

The  p e r o x i d a s e  i s o e n z y m e - b a n d i n g  p a t t e r n s  of  ' M a r -  

t i n '  2 -  a n d  3 - d w a r f ,  t h e i r  F1 ,  a n d  F 2 t a l l ,  m e d i u m ,  

a n d  s h o r t  p l a n t s  a r e  s h o w n  in  F i g .  1. A l t h o u g h  t h e  i n -  

t e n s i t y  of  s o m e  b a n d s  v a r i e s  d e p e n d i n g  on  h e i g h t  d i f -  

f e r e n c e s ,  t h e  n u m b e r  a n d  p o s i t i o n  of  b a n d s  a r e  e s s e n -  

t i a l l y  t h e  s a m e  f o r  t a l l  a n d  s h o r t  p l a n t s .  I s o e l e c t r i c  

f o c u s i n g  s h o w s  f o u r  b a n d s  (1 t h r o u g h  4)  m o v i n g  a n -  

o d i c  a n d  n i n e  b a n d s  (5  t h r o u g h  13)  m o v i n g  c a t h o d i c .  

B a n d s  1, 2, 12, a n d  13 a r e  v e r y  l i g h t  f o r  t a l l  p l a n t s  

(B a n d  D ) ,  b a n d  5 i s  v e r y  d a r k  a n d  w i d e  f o r  a l l  

p l a n t s .  The  pKi v a l u e s  of  a l l  b a n d s  a p p e a r  s i m i l a r  in  

e a c h  c h a n n e l .  The  i n t e n s i t y  d i f f e r e n c e  b e t w e e n  C a n d  

E b a n d  ( m e d i u m  h e i g h t )  i s  f r o m  c o n c e n t r a t i o n  d i f f e r -  

e n c e s  in  t h e  e x t r a c t s .  S i m i l a r  e x t r a c t s  w e r e  a p p l i e d  
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F i g .  2. Zone e l e c t r o p h o r e s i s  showing p e r o x i d a s e  i s o -  
z y m e s  of 'Mart in '  2 -dwar f  and 3 -dwar f  plants  

in zone e l e c t r o p h o r e s i s  ( a g a r o s e  s lab)  e x p e r i m e n t s  

as shown in F i g .  2. Again,  s i m i l a r  qua l i t a t ive  banding 

pa t t e rn s  w e r e  o b s e r v e d  but f ewer  bands were  seen  be -  

c ause  this  technique  has lower  r e s o l v i n g  power .  

Discussion 

The pathway f rom gene to c h a r a c t e r  in f lower ing  

plants  is  long and c o m p l e x .  Impor tan t  s teps  inc lude  

those  that l ink g e n e - c o n t r o l l e d  e n z y m e  ac t iv i ty  to 

h i s to log ica l  and morpho log ica l  phenomena .  The a s -  

soc ia t ion  between enzyme  ac t iv i ty  d i f f e r e n c e s  d u r -  

ing deve lopment  and morpho log ica l  e x p r e s s i o n  of 

height  in a m a t u r e  plant p e r m i t s  ev idence  to be 

ga the red  conce rn ing  events  leading f r o m  the gene to 

the height  c h a r a c t e r .  The gene t ic  background of he igh t -  

i sogen ie  p a i r s  being un i fo rm except  for  the locus  r e -  

gulat ing plant height  a l lows  us to d e t e r m i n e  the gene -  

e n z y m e - c h a r a c t e r  a s s o c i a t i o n .  

Our gene t ic  a n a l y s e s  of  the p e r o x i d a s e  ac t iv i ty  in 

g ra in  so rghum height i sogen ic  p a i r s  and t he i r  s e g r e -  

gat ing F 2 plants  ind ica te  that the spec i f i c  height locus  

(dw) c o r r e s p o n d s  i n v e r s e l y  to p e r o x i d a s e  ac t iv i ty  in 

the i n t e r n o d e s .  The i n v e r s e  r e l a t i onsh ip  be tween in-  

t e rnode  length and p e r o x i d a s e  f u r t h e r  sugges t s  a work -  

ing hypothes i s  that p e r o x i d a s e ,  ac t ing  as an ox idase ,  

may d i r e c t l y  inac t iva te  i n d o l e - 3 - a c e t i c  acid,  which in 

tu rn  may r egu la t e  in te rnode  length .  

Other  e n z y m e s  (ac id  phospha tase  and n i t r a t e  r e -  

duc ta se )  a s s a y e d  showed no c o r r e l a t i o n  with height  

d i f f e r e n c e s  in the s a m e  i sogen ic  l i n e s .  We had thought 

n i t r a t e  r e d u c t a s e  might  c o r r e l a t e  with height  because  

dwar f  v a r i e t i e s  have h igher  s eed  p ro te in ,  and n i t r a t e  

must  be r educed  to the a m m o n i u m  f o r m  to pa r t i c ipa t e  

in p ro t e in  s y n t h e s i s .  However ,  n i t r a t e  r e d u c t a s e  did 

not d i f fe r  between tal l  and shor t  i sogen ic  l i ne s ,  so 

d i f f e r e n c e s  in seed  p ro te in  of height  i sogen ic  p a i r s  

appea r  to be caused  by o the r  m e c h a n i s m s  in the a s -  

s imi l a t i on  p r o c e s s .  

The i s o z y m e  banding p a t t e r n s ,  which a r e  e s s e n t i a l -  

ly ident ica l ,  sugges t  that d i f f e r e n c e s  in p e r o x i d a s e  

i s o z y m e s  among height i sogen ic  types a r e  p r i m a r i l y  

quan t i t a t ive ;  that i s ,  tal l  and shor t  p lants  of the s a m e  

i sogen ic  set  have the s a m e  kinds of p e r o x i d a s e  

i s o e n z y m e s ,  which then d i f fe r  in a c t i v i t i e s  in s o m e  

bands.  Var ia t ion  in p e r o x i d a s e  i s o e n z y m e  pos i t ion  

is a lso  under  addit ional  gene t ic  c o n t r o l .  Other  

so rghum l ines  that c a r r y  d i f fe ren t  height genes  

show d i f fe ren t  banding pa t t e rns  (unpubl i shed) .  F e l -  

t ier (1976) r e p o r t e d  s i m i l a r  dingings in b a r l e y .  

Whether  o r  not height genes  affect  t r a i t s  o the r  than 

length of in t e rnodes  has been c o n t r o v e r s i a l .  Our  

data sugges t  that the height  gene does not affect  

acid  phospha tase  o r  n i t r a t e  r e d u c t a s e  in the s a m e  

quant i ta t ive  manne r  that it a f fec t s  p e r o x i d a s e .  In-  

t e rnode  length and p e r o x i d a s e  ac t iv i ty  a r e  c l e a r l y  

a s s o c i a t e d  and the r e l a t i v e  in te rnodal  p e r o x i d a s e  con-  

cen t r a t i ons  in I. U . / g r a m  t i s s u e  fol low the s a m e  

s i m p l e  i nhe r i t ance  pa t t e rn  as height .  We intend to 

f u r t he r  exp lo re  the c a u s e - e f f e c t  r e l a t i onsh ip  between 

p e r o x i d a s e  ac t iv i ty  and in te rnode  length by m e a s u r -  

ing both IAA oxidase  and p e r o x i d a s e  a c t i v i t i e s .  Our 

working hypothesis  is  that the height  gene con t ro l s  

p e r o x i d a s e  which, by means  of i ts  ox idase  ac t iv i ty ,  

i n v e r s e l y  r e g u l a t e s  i n d o l e - 3 - a c e t i c  acid  l e v e l s .  Low- 

e r  endogenous IAA l e v e l s  should r e su l t  in s h o r t e r  

in te rnode  s e c t i o n s .  
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