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ABSTRACT

P y r e t h r u m ,  jLhxy.tan t hiiimim c i ne r«  r i nc fo 1 i um y j  

an I n s e c t i c i d e  p ro du c ing  p l a n t  p ropaga ted  both 

g e n e r a t l v e l y  and v e g e t a l  I v e I y .  W i t h  the p resen t  

emphas i s  on the s e l e c t i o n  for  Improved c l o n e s ,  

t h e r e  i s  need to  e s t a b l i s h  a q u i c k ,  i n e x p e n s i v e  

and r e l i a b l e  method f o r  i d e n t i f i c a t i o n  o f  d i f f e r e n t  

c l o n e s  s i n c e  e a r l i e r  used methods have not  been 

s a t i s f a c t o r y .  In o t h e r  c r o p s ,  e l e c t r o p h o r e s i s  has 

p roved  to  be a good t e c h n i q u e  f o r  c u l t i v a r  

I dent  I f I  c a t  I o n .

In the work p r e s e n t e d  h e r e ,  s t a r c h  j c !  

e l e c t r o p h o r e s i s  was used to  s tudy isozyme p a t t e r n s  

of  p e r o x i d a s e ,  c a t a l a s e ,  e s t e r a s e  and a c i d  

pho spha tase  from a p i c a l  m c r i s t em s ,  s t ems ,  young 

l e a v e s  and mature l e a v e s .  The l a t t e r  t h r e e  

enzyme systems were found to be i n a p p r o p r i a t e  to  

use .  P e r o x i d a s e  i sozymes on the o t h e r  hand showed 

a w i d e  v a r i a t i o n  in number and s t a i n i n g  i n t e n s i t y .

The work p r es e n t e d  d e s c r i b e s  the  use of  

p e r o x i d a s e  i sozymes from mature  green l e a v e s  fo r  

I den t 1 f  I ca t ior. o f  tw e l v o  Kenyan commerc i a l  

py r e th rum  c l o n e s  wh i ch  compr i sed  ten d i p l o i d s  and 

two t r i p l o i d s .  The c l o n e s  were o b t a i n e d  from the 

r e f e r e n c e  c o l l e c t i o n  c f  c l o n e s  a t  I mw !< u . • ui i a i
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Pyrethrura  and H o r t i c u l t u r a l  Re s ea r c h  S t a t i o n ,  Molo 

and grown In a g l a s s  house w i t h  l i m i t e d  v e n t i l a t i o n .

To de te rm ine  the  p o s s i b i l i t y  o f  us ing  

p e r o x i d a s e  I sozymes to  d i s t i n g u i s h  between c l o s e l y  

r e l a t e d  c l o n e s ,  t he  banding p a t t e r n s  of  12 f u l l - s i b s  

were i n c l u d e d  in the s t u d y .  In a d d i t i o n ,  the 

e l e c t r o p h o r e t i c  p a t t e r n s  o f  n i n e  c l o n e s  o f  J a p a n e s e
e

o r i g i n  were s t u d i e d  to  d e t e rm in e  whe ther  t h e i r  

p a t t e r n s  d i f f e r e d  from those  o f  t he  Kenyan c l o n e s .  

I n f l u e n c e  of  some e n v i r o n m e n t a l  f a c t o r s  on 

p e r o x i d a s e s  was a l s o  s t u d i e d .

In t o t a l ,  seven d i f f e r e n t  bands were 

ob se r ved  on the anodal  s i d e  and t h r ee  on the 

c a t h o d a l  s i d e  of  the g e l .  These bands were 

d i s t r i b u t e d  o ve r  th r ee  m i g r a t i o n  zones on the 

anoda l  s i d e  (A ( , A (| and A ( | | )  and two on the 

c a t h o d a l  s i d e  of  the ge l  t C ( and C | ( ) .

D i f f e r e n c e s  in i n t e n s i t i e s  and p a t t e r n s  of  these 

bands were used to c h a r a c t e r i s e  the c l o n e s .

A l l  the 12 commerc i a l  c l o n e s  cou ld  be 

c h a r a c t e r i s e d  based on t h e i r  anoda l  p e r o x id a s e  

i sozymes a l o n e .  The banding p a t t e r n s  o f  the two 

t r i p l o i d  c l o n e s  were not d i f f e r e n t  from those  of  

the d i p l o i d s  s u g g e s t i n g  no e f f e c t  o f  t h e i r  

i n c r e a s e d  chromosome number on the  p e r o x id a s e  

I sozymes .  Among the f u l l - s i b s ,  two were
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i n d i s t i n g u i s h a b l e  and some o t h e r s  had c l o s e  

s i m i l a r i t i e s  but s t i l l  t h e r e  was much v a r i a t i o n  In 

t h i s  p o p u l a t i o n .  T h i s  showed t h a t  t h e r e  n i g h t  be 

d i f f i c u l t y  in i d e n t i f i c a t i o n  w i t h  I n c r e a s e d  number 

of  r e l a t e d  c l o n e s .  The c l o n e s  o f  J a p an e se  o r i g i n  

d i d  not show a d i f f e r e n t  band ing  p a t t e r n  from tha t  

o f  the Kenyan c l o n e s .  T h e i r  bands were d i s t r i b u t e d  

o ve r  the same m i g r a t i o n  j o n e i  as those o f  the Kenyan 

c l o n e s .  T h i s  i n d i c a t e d  t h a t  the p o p u l a t i o n s  from 

wh i ch  the Kenyan and J a p a n e se  c l o n e s  have been 

s e l e c t e d  might  have had a common g e n e t i c  s o u r ce .

In the s t u d i e s  to  d e t e rm in e  the e f f e c t  of 

e n v i r o n m e n t a l  f a c t o r s  on the p e r o x id a s e  i sozymes ,  

the e f f e c t  of  i n s e c t  pest  I n f e s t a t i o n  ( t h r l p s  and 

s p i d e r  m i t e s ) ,  m i n e r a l  n u t r i t i o n  and c l i m a t e  were 

o bs e r v ed .  The c a t h o d a l  bands of  c l o n e s  s u b j e c t e d  to  

p e s t s  wero mark ed l y  a f f e c t e d .  They g e n e r a l l y  

s t a i n e d  more i n t e n s e l y .  The anode l  bands were not 

a f f e c t e d .  The c a t h o d a l  bands may t h e r e f o r e  not be 

u s e f u l  f o r  I d e n t i f i c a t i o n  where t h e r e  i s  i nadequa te  

pest  c o n t r o l .  There was no change in e i t h e r  

anoda l  o r  c a t h o d a l  banding p a t t e r n s  as a r e s u l t  of  

growing  the  c l o n e s  In s o i l  o f  d i f f e r e n t  c o m p o s i t i o n s .  

By growing  the t w e l v e  commerc ia l  c l o n e s  under  e 

d i f f e r e n t  c l i m a t e ,  t he r e  was a s i g n i f i c a n t  change 

In the p e r o x i d a s e  I sozymes of  a l l  c l o n e s .  However ,
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a l l  t hese  c l o n e s  cou ld  I n d i v i d u a l l y  be I d e n t i f i e d .

I t  can be conc luded  t h a t  under un i fo r m  growing 

c o n d i t i o n s ,  t he  p r ese n t  t w e l v e  Kenyan commercI  a I 

p y re th rum c l o n e s  can be i d e n t i f i e d  s a t i s f a c t o r i l y  

by t h e i r  p e r o x id a s e  e l e c t r o p h o r e t i c  p a t t e r n s .  The 

t e c h n i q u e  co u l d  a l s o  be used to  d i s t i n g u i s h  

between a l a r g e  number of  f u t u r e  c l o n e s  even I f  they  

were c l o s e l y  r e l a t e d .  T h i s  I s  because  o f  the h igh 

degree  o f  po l ymorph i sm of  the p e r o x id a s e  bands.
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I INTRODUCTION

P y r e t h r u m ,  Chrysanthemum c i ne ra r I a c  f o I  i urn 

V i s . ,  p roduces  a n a t u r a l  i n s e c t i c i d e  wh i ch  has been 

ac ce p te d  wor ldw ide  fo r  domes t i c  pu rposes .  I t s  

r ap id  p a r a l y t i c  a c t i o n  on a broad  v a r i e t y  o f  I n s e c t s  

w h i l e  be i ng  p r a c t i c a l l y  n o n - t o x i c  to mammals, has 

c o n t r i b u t e d  to  i t s  succes s  compared to s y n t h e t i c  

I n s e c t i c i d e s .  I t  a l s o  i s  r a p i d l y  degraded by 

s u n l i g h t  and a i r  hence r ed uc in g  en v i r o n m e n t a l  

ha za rd s .  When s y n e r g i s t s  l i k e  p l p e r o n y l  b u t o x i d e  

a r e  added to  py r e th rum,  i t s  i n s e c t i c i d a l  e f f e c t  is 

I n c r e a s e d  by r e t a r d i n g  d e t o x i f i c a t i o n  in the 

I n s e c t s .  Another  Impor tant  p r o p e r t y  o f  py re th rum 

I s  th a t  l i t t l e  I n s e c t  r e s i s t a n c e  has been r e c o rd e d .

A l though  py re thrum i s  e s s e n t i a l l y  grown for  

i t s  i n s e c t i c i d a l  p r o p e r t i e s ,  a by-p roduc t  of  

p y r e t h r l n s  e x t r a c t i o n ,  py re th rum marc ,  i s  used as 

a c a t t l e  f e e d .

Commercia l  use of  py re th rum p r o b a b l y  

o r i g i n a t e d  In P e r s i a  w i t h  Chrysan themum c o c c 1neum 

whi ch  was so ld  as P e r s i a n  powder in e i g h t e e n  

t w e n t i e s  ( C o n t a n t ,  1976) .  T h i s  genus,  be i ng  of  

low f l o w e r i n g  a b i l i t y  and p y r e t h r l n s  c o n t e n t ,  was 

r e p l a c e d  around 18A0 in Europe  w i t h  £.  c i n e r a r i a e f o - 

I i  um. T h i s  f l o w e r s  b e t t e r  and I t  has a h i g h  t o x i c  

p o te nc y .  D a l m a t i a  ( Y u g o s l a v i a ) ,  t he  c e n t r e  of



o r i g i n  o f  t h i s  genus,  was then tho l e a d i n g  wo r l d  

p ro duc e r .  T h i s  p o s i t i o n  was m a i n t a i n e d  u n t i l  the 

f i r s t  Wor ld War when J a p an  took o ve r  the l ea d .  In 

Kenya py re th rum was f i r s t  I n t r o d u c e d  In 1928. A 

f a rmer  named Ca p t a i n  G. Wa lke r  o b t a i n e d  some seed 

from D a l m a t i a  and e s t a b l i s h e d  a commercia l  f i e l d  

on h i s  farm at S ub uk l a ,  Nakuru ( C h a n d l e r ,  19i*8 ) . In 

1929 Mr. T . J .  Anderson,  an e n t o m o l o g i s t  work ing  

at  the S c o t t  A g r i c u l t u r a l  L a b o r a t o r i e s  (now N a t i o n a l  

A g r i c u l t u r a l  L a b o r a t o r 1e s ) , brought  some seed from 

the M i n i s t r y  o f  A g r i c u l t u r e  at  Harpenden,  Eng l and,  

and used I t  f o r  e x p e r i m e n t a l  pu rp os es .  Both 

i n t r o d u c t i o n s  soon reached many f a rmers  and In 

1933 the P y r e t h r um  Growers A s s o c i a t i o n  was formed 

to o r g a n i z e  the p r o du c t i o n  and mar ke t i n g  o f  the 

c rop .  F l o we r  p r o du c t i o n  was then l e s s  than kOO tons 

but i t  r ose s t e a d i l y  so t h a t  by 19i* 5 Kenya was the 

w o r l d ' s  l e a d i n g  p roduce r  at  7,500 tons  ( see 

Appendix I ) .  T h i s  p o s i t i o n  has been m a i n t a i n e d  

s i n c e  tha t  t ime a l tho ugh  t h e r e  have been 

f l u c t u a t i o n s  in p r o d u c t i o n  f rom t ime to  t i n e .  The 

f l u c t u a t i o n s  have m os t l y  been a r e s u l t  of  changes 

in market  p r i c e s  and u n f a v o u r a b l e  we a t he r  c o n d i t i o n s .  

The p e r i o d  1979 to 1981, f o r  example,  i s  marked by 

a sharp  i n c r e a s e  In f l o w e r  p r o d u c t i o n  because  o f  a 

r i s e  in p ro du ce r  p r i c e s  ( sea  Appendix I I ) .  The 

g r e a t e r  p a r t  o f  t h i s  produce i s  e x p o r t e d  w i t h  o n l y
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two p e r c e n t  used l o c a l l y .  Kenya s u p p l i e s  o v e r  80t 

of  the w o r l d ' s  py re thrum re q u i r em en ts .  Other  

py re th rum p ro du ce r s  are  T a n z a n i a ,  E c ua d o r ,  and 

Rwanda w i t h  smal l  c o n t r i b u t i o n  from J a p a n ,  New 

Gu in ea ,  B r a z i l ,  Z a i r e ,  I n d o n e s i a ,  I n d i a ,  t he  U . S . S . R .  

Ta iw an ,  Rh od es io ,  Y u g o s l a v i a  and South A f r i c a  In 

o r d e r  of  d e c l i n i n g  impor t anc e .  P y r e th ru m,  wh i ch  is 

K e n y a ' s  t h i r d  ex p o r t  crop a f t e r  t ea  and c o f f e e ,  now 

has i t s  p r o d u c t i o n  and mar ke t i ng  hand led  by the 

P y r e t h r u m  Board ,  one of  the c o u n t r y ' s  s t a t u t o r y  

b o d ie s .

P y r e t h r um  grows w e l l  in deep,  w e l l  d r a i n e d  

s o i l s ,  p r e f e r a b l y  o f  v o l c a n i c  o r i g i n .  Double 

supe rp ho sp ha t e  i s  a p p l i e d  at p l a n t i n g  t ime.  For 

f l o w e r  bud i n i t i a t i o n  to  o c c u r ,  some degree of  

c h i l l i n g  i s  r e q u i r e d  ( G l o v e r ,  1955) .  Such c o n d i t i o n s  

in Kenya a re  met in h i g h l a n d s  ove r  1800 metres  above 

sea l e v e l  where r a i n f a l l  I s  a l s o  ove r  1000 mm a y e a r .  

The main p r o du c i ng  a re a  i s  the h i g h l a n d s  o f  K i s l i  

D i s t r i c t .  O the r  a r ea s  of  p r o d u c t i o n  are  the 

h i g h l a n d s  E a s t  and West o f  the R i f t  V a l l e y ,  the 

f o o t h i l l s  o f  the Abe r da r es  and Mount Kenya,  and the 

h i g h e r  r e g i o n s  o f  Kiambu D i s t r i c t .  Over 95 p e r ce n t  

o f  py r e th ru m  is  now grown by smal l  s c a l e  f armers  

on p i e c e s  o f  l and r ang ing  from l e s s  than a q u a r t e r  

to one h e c t a r e .  T h i s  i s  u n l i k e  the pe r i od  

b e f o r e  I ndependence when I t  was grown ma i n l y  by



w h i t e  s e t t l e r  f armers  on a l a rg e  s c a l e ,  somet imes 

on more than 10 h e c t a r e s .

R o u t i n e  work on pyre th rum f I e I ds I n c 1 ude s 

f r e q u en t  we ed in g ,  pest  c o n t r o l ,  s t r i p p i n g  o f  

f l o w e r s ,  and c u t t i n g  back o l d  s t a l k s  at the end of  

the f l o w e r i n g  season.  Weeding i s  s t i l l  done 

m a nu a l l y  as s u i t a b l e  h e r b i c i d e s  have not been 

found.  P i c k i n g  o f  f l o w e r s  i s ' d o n e  e v e r y  two to  

th r ee  weeks because  at t h i s  s t age  f l o w e r s  have the 

h ig he s t  p y r e t h r l n s  con t en t  (Head,  1963) .  The p es t s  

that  a t t a c k  py re thrum are root  knot nematodes 

( He I o  i dogyn e hap I a ) , f l o w e r  t h r i p s  ( Th r i p s  t abac i ) , 

l e a f  t h r i p s  ( T h r i p s  neg rpp| l o s u s ) and the red s p i d e r  

m i te  ( Tc t  r anychus  Iuden i ) .  These p es t s  can cause 

s e v e r e  y i e l d  l o s s  e s p e c i a l l y  d u r i n g  the dry  seasons .  

Nematode damage can be reduced by r a i s i n g  p l a n t i n g  

m a t e r i a l  in u n i n f e c t e d  n u r s e r l o t  and t r a n s p  I ant  I ng 

onto  f r e s h  l and .  T h r i p s  and s p i d e r  mi tes  can be 

c o n t r o l l e d  by s p r a y i n g  w i t h  Rogor or  H e t a s y s i o x .  

D i s e a s e s  have not bean so much o f  a problem In 

py re th rum .  Out o f  23 d i s e a s e s  r e c o rd e d ,  True Bud 

d i s e a s e  caused by the fungus RamuI a r i a be I Iunen s i s 

and Fa l se  6ud d i s e a s e ( whIch i s  a p h y s i o l o g i c a l  

d i s o r d e r ,  a r e  the o n l y  ones c o n s i d e r e d  to be of  

economic  impor t ance  (R ob i nso n ,  1963) .  These 

d i s e a s e s  a r e , h o w e v e r ,  of  l i t t l e  impor tance now 

because o f  e f f e c t i v e  s e l e c t i o n  a g a i n s t  them.
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The b re e d i n g  of  py re thrum in Kenya compr i ses  

the s e l e c t i o n  f o r  Improved c l o n e s  and f o r  improved 

h y b r i d  or  p o l y c r o s s  v a r i e t i e s  ( P a r l e v l  l e i ,  1975) .  

Both b r e e d i n g  programmes r e s u l t  in • l a r g e  s c a l e  

m u l t i p l i c a t i o n  o f  c l o n e s  e i t h e r  f o r  commerc i a l  use 

per se or  f o r  seed p r o d u c t i o n .  Dur ing  the 

m u l t i p l i c a t i o n ,  t h e r e  can be e r r o n e o u s  m ix ing  of  

d i f f e r e n t  c l o n e s .  When seeds form on p l a n t s  In 

m u l t i p l i c a t i o n  n u r s e r i e s ,  v o l u n t e e r  p l a n t s  can 

grow from dropped seed w i t h i n  the rows and a l s o  

form a so u rce  o f  c l o n a l  c o n t a m i n a t i o n .  T h i s  then 

n e c e s s i t a t e s  a method tha t  can be used to i d e n t i f y  

c l o n e s .  To f a c i l i t a t e  i d e n t i f i c a t i o n ,  a r e f e r e n c e  

c o l l e c t i o n  of  a l l  commerc ia l  c l o n e s  and o t h e r  

c l o n e s  o f  I n t e r e s t  to  b re e d i n g  and r e s e a r c h  has 

been e s t a b l i s h e d  at  the N a t i o n a l  P y r e t h r um  and 

H o r t i c u l t u r a l  Resea r ch  S t a t i o n ,  Molo.

The I d e n t i f i c a t i o n  methods used a t  p r e s e n t  

a re  not s a t i s f a c t o r y .  M o r p h o l o g i c a l  t r a i t s  

e s p e c i a l l y  o f  the f l o w e r s  have been used f o r  many 

y e a r s .  Chemica l  a n a l y s i s  of  p y r e t h r i n s  (Head,

1967) us ing  gas l i q u i d  ch romatography  and 

i n c o m p a t a b i 1i t y  between c l o n e s  ( B r e w e r  and 

P a r l c v l i e t ,  1969 ) a r e  methods deve loped  l a t e r .  The 

l a t t e r  method u t i l i s e s  the s p o r o p h y t i c  I ncompa tab i-  

l i t y  s ys t em which o p e r a t e s  In py re th ru m.  I d e n t i c a l  

genotypes  g i v e  a r e c i p r o c a l  i n c o m p a t i b l e  r e a c t i o n  

and d i f f e r e n t  geno types  g i v e  a co m p a t i b l e  r e a c t i o n .
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T h i s  method t a k e *  t h r e e  to  fo\tr days to  produce 

r e s u l t s .  Crude p r o t e i n  c o n t e n t  o f  l e a ve s  

( T u i k c n g ,  1S SO, u n p u b l i s h e d  d a ta )  us ing  the 

K j e l d a h )  method I s  a more r e c e n t l y  employed method 

i d e n t i f i c a t i o n  in p y re th ru m.  I t  makes use o f  the 

wide range In de p r o t e i n  con t en t  o f  d i f f e r o n t  

c l o n e s .  I t  i s  however  a method which i s  h i g h l y  

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

A p e r t  from the  c rude  p r o t e i n  method,  the 

p r e s e n t  methods f o r  I d e n t i f i c a t i o n  in py re th rum 

e re  o n l y  u s e f u l  when t he r e  are  f l o w e r s .  Th i s  i s  a 

l i m i t a t i o n  because  f l o w e r i n g  1$ s e a s o n a l .  I t  is 

p r e f e r a b l e  to have a r e l i a b l e  method t h a t  i s  both 

q u i c k  and not  s u b j e c t  t o  en v i r o n m e n t a l  f a c t o r s  

l i k e  c l i m a t i c  c o n d i t i o n s  and s o i l  f e r t i l i t y ,  

e l e c t r o p h o r e s i s  I s  such a method. I t  has  proven 

u s e f u l  w i t h  s e v e r a l  c r o p s .  T h e r e f o r e  I t  would be 

u s e f u l  to  know more about  the p o t e n t i a l  o f  the 

e l e c t r o p h o r e t i c  method f o r  c l o n a l  I d e n t i f i c a t i o n  

In p y r e th ru m .  T h i s  method would e i t h e r  r e p l a c e  or 

t u P P l t ^ o H  the e x i s t i n g  methods.  T h e r e f o r e  the 

main o b j e c t i v e s  o f  t h i s  s tudy we re :

To d e t e rm i n e  the p o s s i b i l i t y  o f  us ing  

e l e c t r o p h o r e s i s  as an a l t e r n a t i v e ,  qu i ck  

and r e l i a b l e  method for  i d e n t i f i c a t i o n  of  

K e n y a n  commerc i a l  pyre tnrum c l o n e s .  Th is

f o r
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I n v o l v e *  chok ing  d i f f e r e n t  enayrae sys t em*  end 

d ! f f e r e n t  t 1 s t u e s .

To de te rm ine  whe the r  t h i s  seme t e c h n i q u e  can be 

used e f f e c t i v e l y  t o  d i s t i n g u i s h  between 

c l o s e l y  r e l a t e d  c l o n e s .

To ob se r ve  e l e c t r o p h o r e t 1c v a r i a t i o n s  th a t  

might e x i s t  between py re th rum c l o n e s  of  

d I f fe ren t o r i g i n s .
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2 L ITERATURE REVIEW

2.1 B o t a n i c a l  a s p e c t s  o f  pyre thrum.

P y r e t h r u m ,  Ch ryson t hcmum c i n c r a r i a e f o l  i um 

V i s . ,  I s  a member of  the Composi tae f a m i l y .  I t  I s  

a smal l  p e r e n n i a l  herb t en d i ng  to  be woody a t  the 

base .  I t  I s  p ropa ga t ed  both by seed and v e g e t a t l v e l y  

f rom s p l i t s  ( O e l h a y e ,  1968) .  The f l o w e r s  which are 

the h a r v e s t e d  p a r t  o f  the crop a re  produced  on 

b r a n c h i n g  stems a r i s i n g  from a crown o f  de e p l y  

lobed l e a v e s .  The f l o w e r  head has an o u t e r  r i ng  

o f  w h i t e  ray  f l o r e t s  wh i ch  a r e  f emale  and I nne r  

y e l l o w  d i sc  f l o r e t s  wh i ch  a re  b i s e x u a l .  Cross  

p o l l i n a t i o n  Is a r u l e  In py re th rum.  T h i s  i s  

t hrough a s p o r o p h y t i c  I ncompatab I  I i t y  system 

( B rew er  and P a r l c v l l c t ,  1969) enhanced by p r o ta nd r l s m  

( B r e w e r ,  1968) .  P o l l i n a t i o n  I s  u s u a l l y  by i n s e c t s .  

The py re th rum seed i s  a d r y  one-sccdcd  i n d e h i s c e n t  

f r u i t  o r  achene.  The achene I s  the s e a t  of  

p y r e t h r i n s  where the y  a r c  formed In th e  o i l g l a n d s  

and s e c r e t o r y  d u c t s  (Head,  1966).  O the r  p o r t s  o f  

the p l a n t  a l s o  have  p y r e t h r i n s  but a t  much lower  

con cen t r at  1 on s .

The pyre thr ins  a r e  e s t e r s  which a re  d o r i v o d  

from two a c i d s  (ch rysark hem I c and p y r e t h r i c ) .  and 

t h r e e  a l c o h o l s  (py re th ro I one , c m e i o l o n e  ana
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j a s m o l o n e ) .  Chrysanthem Ic  a c i d  co m p r i se s  p y r e t h r i n s  

I , c i n e r l n  1, and J a s m o i l n  I (commonly termed 

p y r e t h r i n s  1 ) w h i l e  p y r e t h r l c  a c i d  com pr i ses  

p y r e t h l n s  I I ,  c i n e r i n  11 and j a s m o l i n  11 (commonly 

termed p y r e t h r i n s  I I ) .  The p y r e t h r i n s  1 and 

p y r e t h r i n s  11 t o g e t h e r  account  f o r  the knockdown and 

k i l l  p r o p e r t i e s  f o r  wh i ch  p y r e th r y m  1 $ w a l l  known.

2.2 B r e e d in g  o f  pyre thrum.

2 . 2 . 1  H i s t o r y

The b re e d i n g  o f  pyre th rum in Kanya s t a r t e d  

In the l a t e  t h i r t i e s  ( K r o l l ,  1958) .  Emphas is  was 

then on h y b r i d  v a r i e t i e s .  S e l e c t i o n  f o r  s u p e r i o r  

c l o ne s  s t a r t e d  in 1962 (Anon,  1962; C o n t a n t ,  1963).  

E a r l i e r ,  the use of  h y b r i d  seed was n e c e s s a r y  in 

o r d * r  to meet the demand for  py r e th ru m  p l a n t i n g  

m a t e r i a l ,  because  c l o n a l  m a t e r i a l  wou ld t ake  too 

long to m u l t i p l y  and be s u p p l i e d  to  g rowers  ( K r o l l  

1958).  However ,  Contant  (1963)  argued t h a t  f u t u r e  

improvement o f  py re thrum would be f a s t e r  w i t h  the 

use o f  c l o n e s .  He r e a l i s e d  t h a t  py r e th ru m  e x h i b i t e d  

a wide g e n e t i c  and p h e n o t y p i c  v a r i a b i l i t y  f o r  many 

c h a r a c t e r s  and so the bes t  i n d i v i d u a l s  In the 

p o p u l a t i o n  per formed by f a r  b e t t e r  than tha average  

o f  the p o p u l a t i o n  as a who le .  He then employed a 

s imple and q u i c k  s e l e c t i o n  p r o c e d u r e .  W i th  t h i s  

procedure  i t  was p o s s i b l e  f o r  a c l o n e  to  be e s t a b l i s h e d



c o m m e r c i a l l y  s e v e r a l  y e a r s  b e f o r e  seed o f  t h a t  

c l o n e  was a v a i l a b l e  In a p p r e c i a b l e  q u a n t i t i e s  a f t e r  

progeny  t e s t i n g .  The p rocedure  i n v o l v e d  s e l e c t i o n  

o f  p h e n o t y p i c a l l y  o u t s t a n d i n g  p l a n t s .  These were 

s p l i t  and p l a n t e d  in s i n g l e  l i n e  o b s e r v a t i o n  

t r i a l s  f o r  one y e a r .  The bes t  c l o n e s  were 

p l a n t e d  in r e p l i c a t e d  y i e l d  t r i a l s  wh i ch  l a s t e d  for  

two to  t h r e e  y e a r s .  T h i s  was f o l l o w e d  by 

m u l t i p l i c a t i o n  o f  the top c l o n e s  f o r  r e l e a s e  to 

g r o w e r s .  The methods used e a r l i e r  have  now been 

r e f i n e d  w i t h  the I n t e n t i o n  of  Improv ing  the 

s e l e c t i o n  r e spo nse  ( R e v i e w :  Tu lkong ,  In p r e s s ) .

Two i n t e r r e l a t e d  b r e e d i n g  prcgrarr.r.cs a r c  bcl r .g 

pu rsued  ( F i g u r e  I ) .  One,  v a r i e t a l  b r e e d i n g ,  d e a l s  

w i t h  the  p r o d u c t i o n  o f  Improved h y b r i d  o r  p o l y c r o s s  

seod f o r  commerc i a l  growing and I t  has fou r  

s e l e c t i o n  s t a g e s .  The o t h e r ,  c l o n a l  b r o o d i n g ,  

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

y i e l d  t r i a l s  and subsequent  c l o n a l  m u l t i p l i c a t i o n  

f o r  commerc i a l  g row ing .  I t  has f i v e  s e l e c t i o n  

s t a g e s .  Under  both programmes,  f l o w e r  y i e l d  and 

p y r e t h r i n s  co n t e n t  form the most Impor t an t  s e l e c t i o n  

c r i t e r i a .  Lodg ing  r e s i s t a n c e ,  r e s i s t a n c e  to bud 

d i s e a s e s ,  s p l i t a b i l i t y  and e s t a b l i s h m e n t  o f  c l o n e s  

and t o l e r a n c e  to  root  knot  nematodes a r e  s ec o n d a r y  

but a l s o  im por t an t  c r i t e r i a .



V a r i e t a l  b r ee d i ng C lon a l  b reed 1n q

F i g u r e  I .

S e l e c t i o n  t t a g e s  In the b re e d i n g  o f  py re th rum as 

c u r r e n t l y  p r a c t i c e d  at  the N a t i o n a l  Pyrethrutn  and 

H o r t i c u l t u r a l  Re se a r c h  S t a t i o n ,  Molo.
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2 . 2 . 2  C l o n a l  b reed I 09

The c l o n a l  b re e d i n g  programme beg ins  w i th  

the e s t a b l i s h m e n t  of  a s e l e c t i o n  f i e l d  from seed of  

a commerc i a l  v a r i e t y  ( P a r l e v l i e t ,  1975) .  T h i s  

p o p u l a t i o n  i s  q u i t e  he te rogeneous  ( P a r  l e v l  l e t  , 197M.  I t  

g i v e s  a f a i r  chance to  e x t r a c t  the d e s i r e d  

ge no ty p e s .  P h e n o t y p i c a I  I y  o u t s t a n d i n g  p l a n t s  are 

s e l e c t e d  from t h i s  p o p u l a t i o n ,  s p l i t  and p l a n t e d  

in a s i n g l e  l i n e  o b s e r v a t i o n  t r i a l  f o r  one y e a r .  A 

c o n t r o l  c l o n e  i s  p l a n t e d  e v e r y  30 to  50 l i n e s  to 

check the e f f e c t  of  s o i l  v a r i a t i o n .  F l o w e r s  are 

sampled two to  t h r e e  t imes  f o r  p y r e t h r i n s  con t en t  

a n a l y s i s .  H e a l t h y  and p r o f u s e l y  f l o w e r i n g  c l o n e s  

w i t h  p y r e t h r i n s  con t en t  not  l e s s  than 1 . 8$ arc  

s e l e c t e d  f o r  the next  s c r e e n i n g  s t a g e .  In t h i s  

s t a g e ,  p l a n t s  from each s e l e c t e d  l i n e  a r c  s p l i t  

to g i v e  a s i n g l e  p l o t  of  60 p l a n t s .  The c o n t r o l  

c l o n e  i s  p l a n t e d  e v e r y  f i v e  to e i g h t  p l o t s  and 

c l o n e s  th a t  su r pass  I t  in f l o w e r  y i e l d  and 

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

y i e l d  t r i a l  t t a g o .  Th i s  s t age  has t h r e e  p l o t s  of  

60 p l a n t s  each and i t  l a s t s  f o r  th r ee  y e a r s .

F l ower  y i e l d  and p y r e t h r i n s  c o n t e n t  a r e  measured 

d u r i n g  t h i s  p e r i o d .  These f ou r  s t a g es  a re  c a r r i e d  

out on the same l o c a t i o n .  C lones  wh i ch  are  b e t t e r  

than the c o n t r o l  a r e  f u r t h e r  t e s t e d  in a d a p t a b i l i t y
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t r i a l * .  The a d a p t a b i l i t y  t r i a l s  are c a r r i e d  out  on 

s i x  to seven l o c a t i o n s  in the  same way as the 

r e p l i c a t e d  y i e l d  t r i a l s .  They s e r v e  as the l a s t  

s t age  b e f o r e  the c l o n e s  are  recommended f o r  r e l e a s e  

to g r owers .  Th i s  s t age  t a k e s  ca re  o f  genotype- 

env i ronment  I n t e r a c t i o n  e f f e c t .  I t  i s  impor t an t  

that  recommended c l o n e s  have wide a d a p t a t i o n  in 

o rd e r  to a v o i d  poor  pe r fo rmance  in some a r e a s .  A l l  

c l o n a l  s e l e c t i o n s  are  done in the  p re se nc e  o f  root  

knot nematodes ,  so the c l o n e s  whi ch  do w e l l  under 

such c o n d i t i o n s  are  a l s o  t o l e r a n t  to  the nematodes.

A h igh i n c i d e n c e  of  n a t u r a l  t r i p l o i d s  w i t h  a 

chromosome number o f  27 has been obser ved  In the 

commerc ia l  v a r i e t i e s  In Kenya ( O t t a r o ,  1978) .

These t r i p l o i d s  tend to be p i ck e d  du r i ng  c l o n a l  

s e l e c t i o n  because  o f  t h e i r  l a r g e  f l o w e r s .  Some 

t r i p l o i d s  have per formed w e l l  In the y i e l d  t r i a l s  

and they  have been recommended f o r  commerc ia l  growing.

2 . 2 . 3  V a r i e t a l  b re e d i n g

R e c u r r e n t  s e l e c t i o n  f o r  g ene ra l  combining 

a b i l i t y  i s  employed In the v a r i e t a l  b re e d i n g  

programme. I t  i s  a seven y e a r  c y c l e  b eg i n n i n g  

w i t h  s e l e c t e d  c l o n e s  f rom the r e p l i c a t e d  t r i a l  

o f  the c l o n a l  b r e e d i n g  programme. The c l on es  

are  s e l e c t e d  because  of t h e i r  d e s i r a b l e  agronomic 

c h a r a c t e r i s t I c s  and they  are  a l r e a d y  w e l l  adapted .
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They are  t o p c r o s s e d  to  a t e s t e r  v a r i e t y  w i t h  a broad 

g e n e t i c  base .  The t o p c r o s s  method I s  now p r e f e r e d  

to  the more l a b o r i o u s  p o l y c r o s s  method used by 

Content  (1963)  because  of  I t s  s i m p l i c i t y  w h i l e  i t  

g i v e s  s i m i l a r  r e s u l t s .  Seed I s  c o l l e c t e d  from 

each c l o n e  s e p a r a t e l y  and sown f o r  a progeny y i e l d  

t e s t .  P y r e t h r l n s  c o n t e n t s  are  measured f o r  

c a l c u l a t i o n s  o f  g en e r a l  comb in ing  a b i l i t y .  A 

d l a l l e l  c r o s s  o f  the c l o n e s  w i t h  h igh g . c . a  i s  then 

made. The h y b r i d  v a r i e t i e s  a r e  t e s t e d  f o r  th ree  

ye a r s  on the same s t a t i o n s  as the a d a p t a b i l i t y  

t r i a l s .  The v a r i e t i e s  wh i ch  prove  b e t t e r  than the 

c o n t r o l  a re  recommended f o r  r e l e a s e .

The t ime taken to  r e l e a s e  a v a r i e t y  can be 

reduced by two ye a r s  when p a re n t  c l o n e s  of  the 

e x i s t i n g  commerc ia l  v a r i e t y  a re  I n c l u d e d  in the 

t o p c r o s s  seed p r o d u c t i o n  and subsequent  t e s t s  

i P a r l e v l i e t ,  1975) .  C lones  t h a t  emerge s i g n i f i c a ­

n t l y  s u p e r i o r  to the p a r e n t s  can a l s o  be used as 

p a r e n t s  of  a new v a r i e t y .  Hence t e s t i n g  of  h y b r i d s  

•s avo ided  as i t  has been found out th a t  the 

s p e c i f i c  combining a b i l i t y  component o f  v a r i a n c e  

i s  much s m a l l e r  compared to  the g en e r a l  combining 

a b i l i t y  component ( P a r l e v l l e t  and C o n t a n t ,  1970).

Th is  a l s o  means t h a t  p o l y c r o s s  v a r i e t i e s  can be 

r e l e a s e d ,  w i t h o u t  a t e s t ,  based on the b re e d i n g
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v a l u e s ,  o f  the comb in ing  p a r e n t s  ( P a r l e v l i e t ,

1 975)•

2.3 C lona l  m u l t i p l i c a t i o n

Newly recommended c l o n e s  have to be 

m u l t i p l i e d  b e f o r e  they  are  r e l e a s e d  to  f a rmers  or 

used f o r  seed p r o d u c t i o n .  The Pyre thrum Board of  

Kenya has e s t a b l i s h e d  s p e c i a l  n u r s e r i e s  f o r  t h i s  

purpose .  P a r l e v l l e t  (1975)  saw mixing  of  d i f f e r e n t  

c l o ne s  as a s e r i o u s  prob l em d u r i n g  m u l t i p l i c a t i o n  

and a m ix ing  has been ob se r ve d  In a number of  c a s e s .  

A g u i c k  and r e l i a b l e  method f o r  i d e n t i f i c a t i o n  of  

d i f f e r e n t  geno types  would t h e r e f o r e  reduce the 

r i s k  o f  I s s u i n g  wrong p l a n t i n g  m a t e r i a l  to  f a rm ers .

2 . k I d e n t i f i c a t i o n  methods used in pyre thrum 

M o r p h o l o g i c a l  t r a i t s  a re  o f t e n  used for  

I d e n t i f i c a t i o n  In c ro p s .  F l o we r  morphology In 

py re th rum o f f e r s  the  bes t  o p p o r t u n i t y  of  a l l  

m o rp ho lo g i c a l  t r a i t s .  There can be g rea t  

d i f f e r e n c e s  In s i z e ,  shape ana d i s t r i b u t i o n  o f  the 

ray f l o r e t s .  However ,  t h i s  does not r e s u l t  In 

complete  i d e n t i f i c a t i o n  e s p e c i a l l y  when one d e a l s  

w i t h  many c l o n e s  because  o f  the h i g h e r  chances  tha t  

c l on es  have a s i m i l a r  f l o r a l  morpho logy .  Th is  

method is  a l s o  l i m i t e d  to  f l o w e r i n g  p e r i o d s  o n l y .  

Leaves  are d i f f i c u l t  to  d i s t i n g u i s h .
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P y r e t h r i n s  conten t  i s  a l s o  used for  

• den 1 1 f i c a t i o n  but  mos t l y  t o  c o n f i r m  i d e n t i f i c a t i o n  

by m o rp h o l o g i c a l  t r a i t s .  T h i s  works o n l y  when 

the c l o n e s  in q u e s t i o n  are  known to  d i f f e r  much 

in p y r e t h r i n s  c o n t e n t .  I t s  use i s  aga in  l i m i t e d  to  

the f l o w e r i n g  p e r i o d .

Chemica l  a n a l y s i s  o f  the p y r e t h r i n s  has 

shown tha t  the p y r e t h r i n s  l / p y r e t h r i n s  I I  r a t i o  I s  

f a i r l y  c o n s t a n t  f o r  each c l o n e  and t h e r e  i s  some 

v a r i a t i o n  between c l o n e s .  Th is  led Head (1967)  to 

suggest  t h a t  t h i s  r a t i o  can be used for  

v e r i f i c a t i o n  of  named c l o n a l  m a t e r i a l .  R e s u l t s  

from a n a l y s i s  o f  e i g h t e e n  c l o n e s  showed,  however ,  

t ha t  o n l y  s i x  co u l d  be c o r r e c t l y  c h a r a c t e r i s e d .

I t  may f i n d  use where  d i s t i n c t i o n  on the b a s i s  of  

morphology and p y r e t h r i n s  c o n t e n t  prove  i n c o n c l u s i v e  

I n conpat  ab I I I t y  I s a  moie r e l i a b l e  method 

( B r ewerand  P a r l e v l l e t ,  1969) .  In py re th ru m,  a 

s p o r o p h y t i c  i ncompatab I  I I t y  systora o p e r a t e s . Host 

c l on es  are  s t r o n g l y  s e I f - I n c o m p a t I b 1e . C lones  w i t h  

d o ub t fu l  i d e n t i t y  can then be t e s t e d  a g a i n s t  those 

In the r e f e r e n c e  c o l l e c t i o n .  I d e n t i c a l  genotypes  

g i ve  a r e c i p r o c a l  I n c o m p a t i b l e  r e a c t i o n  and 

d ' r f e r i n g geno types  g i ve  a co m p a t i b l e  r e a c t i o n .  In 

• t e s t  c a r r i e d  out by Brewer  and P a r l e v l l e t  w i t h  

d i f f e r e n t  g e n o t y p e s ,  o n l y  1 out o f  86 c r o s s e s  gave
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a c r o s s - I n c o m p a t I b l e  r e a c t i o n .  T h i s  t e s t  I s  

r e l i a b l e  but t akes  th r ee  to  f ou r  days to  be completed 

and I t  I s  h i g h l y  s e n s i t i v e  to  en v i r o n m e n t a l  

I n f l u e n c e .  The q u a l i t y  of  p o l l e n  g r a i n s  I s  poor 

d u r i n g  the wet seas on s .  Th i s  makes Judgement  of  

t e s t  r e s u l t s  d i f f i c u l t .

The use of  crude p r o t e i n  c o n t e n t  of  l e a v e s  

o b t a i n e d  w i t h  the K J e l d a h l  method Is  a l s o  a }

r e l i a b l e  method ( T u ik o n g ,  19»0, u n p u b l i s h e d ) .  The 

range of c rude  p r o t e i n  c o n t e n t  between c l o n e s  i s  

high,  v a r y i n g  between 18 and 3*»4. D i f f e r e n c e s  In 

p r o t e i n  c o n t e n t  I s  then used to  d i s t i n g u i s h  

between c l o n e s  of  d o ub t fu l  i d e n t i t y .  T h i s  method 

i s  s u i t a b l e  f o r  d i f f e r e n t i a t i n g  c l o n e s  grown under 

s i m i l a r  c o n d i t i o n s  Such as in m u l t i p l i c a t i o n  

n u s c r l e s .  I t  c annot  be used to  t e s t  a d o u b t f u l  

c l o n e  a g a i n s t  one In the r e f e r e n c e  c o l l e c t i o n  

because c rude  p r o t e i n  v a r i e s  w i t h  season and s o i l  

fe r t 1 I I t y .

2 .$ The e l e c t r o p h o r e t i c  t e c hn iq ue

E l e c t r o p h o r e s i s  I s  b a s i c a l l y  a p r o ce ss  

o f  f o r c e d  d i f f u s i o n  of  charged s u b s t an c es  through 

an e l e c t r i c a l  f i e l d .  The sample o f  the s u b s t an c es  

-is p l a c e d  on a s u p p o r t i n g  medium at  a s u i t a b l e  

d i s t a n c e  from each e l e c t r o d e .  When m i g r a t i o n  oc c u r s  

th e r e  i s  s e p a r a t i o n  o f  the s u b s t a n c e s  s i n c e  they 

move at  d i f f e r e n t  r a t e s  a c c o r d i n g  to  t h e i r  net
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c h a r g e s .  A p p r o p r i a t e  methods are then used to f i x  

and f i n g e r p r i n t  t hese  sub s tances  a t  the p o s i t i o n s  

to  wh i ch  they  have m i g r a te d  when the *,un I s  s topped .

The charged  su b s t an c es  In t h i s  s tudy  are  

i sozymes  (synonymous w i t h  i soenzymes)  .nf-’These are 

d i f f e r e n t  m o l e c u l a r  forms o f  an enyzrae w i t h  s i m i l a r  

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

the same o rgan i sm ( Ma rk e r t  and H o l l e r ,  1959) .  He re ,  

t he  i sozymes a r c  made to  m i g r a te  through a s t a r c h  

ge l  as the s u p p o r t i n g  medium. An adv an tage  is  

t oken o f  the d i f f e r e n t  and c h a r a c t e r i s t i c  net  

cha rge  o f  each isozyme which m i g r a t e s  a c c o r d i n g l y  

unuur an e l e c t r i c  g r a d i e n t .  i n i s  i s  1 0 I l owed oy 

h I s t o c h e m l c a 1 s t a i n i n g  to l o c a t e  the zone of  

enzyme a c t i v i t y  ( bands )  d i r e c t l y  In the s t a r c h  g e l .  

The o c c u r r e n c e  of  I sozymes has been known s i n c e  the 

e a r l y  f i f t i e s  w i t h  the d i s c o v e r y  o f  a second 

m o l e c u l a r  form o f  l a c t a t e  dehydrogenase  (Shannon,  

1969) .  The r easons  f o r  the e x i s t e n c e  of  I sozymes 

are  not  c l e a r .  I t  I s ,  howeve r ,  c e r t a i n  t h a t  t hey  

a r c  a d i r e c t ,  e x p r e s s i o n  o f  gene f u n c t i o n  du r i ng  

c e l l  d i f f e r e n t i a t i o n  In a d e v e l o p i n g  system 

( S c a n d o l i o s ,  197*0. I sozymes ore known to  occur  

w i d e l y  In p l a n t  and animal  t i s s u e s .  !n p l a n t s .

p as t  work on i sozymes has been c o n c e n t r a t e d  on but 

not res  t r i c t e d  to  p e r o x i d a s e s ,  ca ta i as*** ,  amy I ases  ,
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p h o s p h a t a se s ,  p h o s p h o r y 1 a s e s , t r a n s a m i n a s e s ,

•no o x i d a s e s .  One r e s u l t  o f  i n t e r e s t  

out of  t hese  s t u d i e s  i s  t h a t  isozyme p a t t e r n  and 

I n t e n s i t y  a r c  s p e c i f i c  to the p l a n t  por t  o r  t i s s u e  

and to m a t u r i t y  or the deve lopmenta l  s t age  of  the 

t i s s u e  ( P e i r c e  and B raw ba ke r ,  1973) .  However ,  

c e r t a i n  f a c t o r s  a f f e c t i n g  p l a n t  metabol i sm such as 

m in e r a l  n u t r i t i o n ,  d i s e a s e  i n f e c t i o n  ( H a r e ,  1966) 

and t o l d  t em per a tu re  ha rd en ing  (McCown a l . ,  1968) 

are known to  i n f l u e n c e  the I n t e n s i t y  and cause 

o c c a s i o n a l  appea rances  o f  d i f f e r e n t  m o le c u l a r  forms.

The e I e c l r o p h o r c t i c  t e c h n i q u e  has been used 

for  v a r i o u s  s c i e n t i f i c  s t u d i e s .  P e i r c e  and 

Brewbaker  (1973)  Suggested In t h e i r  r e v i ew  work,  

i t s  p o s s i b l e  use In c y t o g e n e t i c  s t u d i e s ,  

p h y s i o l o g i c a l ,  deve lopmenta l  and p o p u l a t i o n  g e n e t i c s  

S t u d i e s ,  g e n e t i c  c o n t r o l  o f  po l ymorph ism,  r e l a t i o n s  

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

genomes, gene ra  and t a x a .  S i n c e  then ,  a l o t  o f  

work has been accomp l i shed  in these  f i e l d s  and as 

a r e s u l t  some e a r l y  s t u d i e s  have been con f i rm ed  and 

more d i s c o v e r i e s  made.

A s tudy  done as e a r l y  as 1993 ( B u l a  e j  aj , . , 

1996) on r e l a t i o n s  of  s o l u b l e  p r o t e i n s  to co ld  

h a r d i n e s s  in a l f a l f a  was con f i rm ed  e 1 e c t r o p h o r e t I - 

c a l l y  l a t e r  (Faw and J u n g ,  1972) .  S i m i l a r
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e l e c i r o p h o r e t i c  s t u d i e s  c o v e r i n g  s e v e r a l  enzyme 

systems have r e c e n t l y  been c a r r i e d  out (K rasnuk  

*2- .  ' 9 7 5 .  ' 9 7 6 a ,  1976b, 1978a, 1978b) .  These 

s t u d i e s  have shown q u a l i t a t i v e  and q u a n t i t a t i v e  

e n z y m a t i c  d i f f e r e n c e s  between c o l d  t o l e r a n t  and 

c o 1d - s e n s i t i v e  a l f a l f a  p l a n t s .  I t  has t h e r e f o r e  

been conc luded  th a t  p r o t e i n s  and enzymes ( p r o t e i n s  

o f  known c a t a l y t i c  f u n c t i o n )  have a r o l e  In the 

b i o c h e m i c a l  p r o c e s s e s  th a t  l ead  to  co ld  

t o l e r a n c e  In p l a n t s .

In g e n e t i c s ,  e l e c t r o p h o r e s i s  h a s  be e n

employed In g e n e t i c  v a r i a b i l i t y  and l i n k a g e  s t u d i e s

In b a r l e y  s p e c i e s  ( K a h l e r  and A l l a r d ,  1970, K a h l e r

£_! •_!.• » 1981) ,  l i n k a g e  s t u d i e s  In soyabeans

(Gorman and K l a n g ,  1978) and g e n e t i c  p o l y » o r p h I s m

In s a f f l o w e r  ( B a s s i r l ,  1977) .  K a h l e r  ej. ,

( i S S i )  c a r r i e d  out l i n k a g e  s t u d i e s  o f  t h r e e  enzyme

systems (6 * phosphogluconate dehydrogenase ,

g l u t a m ate  o x o l a t e  t r a n i a m l n a s a  and a c i d  pho sp ha t ase )

and showed th a t  these  enzymes t o g e t h e r  w i t h

e s t e r a s e s  ( K a h l e r  a n d . A l l a r d ,  1970) p r o v i d e d  us e fu l

g e n e t i c  marke r a f o r  f u r t h e r  p o p u l a t i o n  g e n e t i c  
/
s t u d i e s  In b a r l e y  s p e c i e s .  S i m i l a r  s t u d i e s  were 

unde r t aken  by Gorman and K lang U 9 7 d )  on soyabeans 

us in g  a l c o h o l  deh yd rog en ase ,  amylase and 

t e t r a z e l i u m  o x id a s e  e l e c t r o p h o r e t i c  p a t t e r n s .  As
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a r e s u l t  I t  was p o s s i b l e  to  de t e rm ine  which l o c i  

s e g r e g a te d  I n d e p e n d e n t l y  and wh i ch  were l i n k e d .  

B a s s i r i  (19771 did some i n v e s t i g a t i o n s  on g e n e t i c  

po l ymorph i sm In s a f f l o w e r  us ing  I r a n i a n  and 

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

Mis e l e c t r o p h o r e t i c  r e s u l t s  r e v e a l e d  t h a t  t h e r e  

was as much v a r i a t i o n  between the c u l t i v a r s  as 

between a ’ c u l t i v a r  and a w i l d  e c o t y p e .  T h i s  

I n d i c a t e d  c l o s e  g e n e t i c  r e l a t i o n s h i p s  between the 

c u l t i v a r s  and the w i l d  e c o t y p e s .

E l e c t r o p h o r e s i s  has a l s o  been a p p l i e d  to

p l a n t  b r e e d i n g  s t u d i e s ,  e s p e c i a l l y  t hose  r e l a t e d

to d i s e a s e  r e s i s t a n c e .  An a t t empt  was made to

screen  Kenyan p o t a t o  c l o n e s  r e s i s t a n t  to  L a t e  
B l i g h t  by e l e c t r o p h o r e t i c  p a t t e r n s  o f  p e r o x i d a s e s

(N ya cha e ,  1979) .  T h i s  has not been a p p l i e d  in

p r a c t i c e .  In beans ,  Gupta e t  a l .  (1981)  ob se r ved

c e r t a i n  p e r o x id a s e  Isozyme bands which appear  at

p a r t i c u l a r  s t ag es  o f  development  o f  l i n e s  s u s c e p t i b l e

to bean a n t h r a c n o s e .  O k l r o r  aj_. (1982)  aga in

ob se r ved  a I e c t r o p h o r e 1 1 c d i f f e r e n c e s  between bean

l i n e s  known to be r e s i s t a n t  and s u s c e p t i b l e  to

bean a n t h r a c n o s e ,  w i t h  the h e lp  o f  p e r o x id a s e  and

e s t e r a s e  Isozyme p a t t e r n s .  These e l e c t r o p h o r e t i c

d i f f e r e n c e s  were found to  be u s e f u l  in s c r e e n i n g

for  an th r a cn o se  r e s i s t a n c e  at q u i t e  an e a r l y  s t age

of  deve lopment  o f  beans .  P e r o x i d a s e  I sozymes have
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been used as g e n e t i c  markers  In an a t t empt  to 

s c r e en  r i c e  p o p u l a t i o n s  f o r  d e s i r a b l e  agronomic  

c h a r a c t e r s  b y p * * a r  and Gupta (1975 ) .  They found 

t h a t  p e r o x id a s e  isozyme p a t t e r n s  f l u c t u a t e d  l e s s  In 

dwar f  r i c e  c u l t l v a r s  than In t a l l  c u l t l v a r s .

2 .6  The use o f  e l e c t r o p h o r e s i s  f o r  c u l t l v a r  

I d e n t i f i c a t i o n  In c r o p s .

E l e c t r o p h o r e s i s  has become a v e r y  Impor t an t  

t o o l  f o r  I d e n t i f y i n g  d i f f e r e n t  genotypes  In crop 

s p e c i e s .  I t  I s  a f a s t  and I n e x p e n s i v e  method.

Large  numbers o f  genotypes  can be p o s i t i v e l y  

I d e n t i f i e d  q u i c k l y  us ing  one or  more enzyme systems 

s i m u l t a n e o u s l y .  I n d i v i d u a l s  th a t  sha re  the same 

Isozyme p a t t e r n  o f  one enzyme sys t em can be 

d i f f e r e n t i a t e d  by the Isozyme p a t t e r n s  o f  o t h e r  

enzyme sys t ems .  In some c a s e s ,  the enzyme systems 

are  used to  complement c o n v e n t i o n a l  methods of  

I d e n t i f i c a t i o n .  The most impor t an t  advan tage  of  

the e l e c t r o p h o r e t i c  t e c h n i q u e  i s  t hat  Isozyme 

p a t t e r n s  s p e c i f i c  to c u l t l v a r s  a re  l i t t l e  a f f e c t e d ,  

•f at  a l l ,  by d i f f e r e n c e s  In e c o l o g i c a l  f a c t o r s  

( Lee  and R o n a l d s ,  1967) .  T h i s  i s  because i so/ymes 

or  p r o t e i n s  are  d i r e c t  e x p r e s s i o n s  o f  the g e n e t i c  

make-up o f  the  p l a n t s .  The e l e c t r o p h o r e t i c  

p a t t e r n  in a g iven  o rgan ism i s  g e n e t i c a l l y
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c o n t r o l l e d  and c o n s i s t e n t  f o r  a g i ven  t i s s u e  and 

s t age  o f  deve lopment .

S e v e r a l  wo r ke r s  have used e l e c t r o p h o r e s i s  

f o r  c u l t l v a r  I d e n t i f i c a t i o n .  In g r as se s  and c e r e a l s .  

Wi lkinson and Beard (1972)  were a b l e  to d i s t i n g u i s h  

c o m p l e t e l y  between s i x  C re ep i ng  b c n t g r a s s  ( Agros 1 1s 

pa 1 us t r i s ) and e i g h t  Kentucky  bluegrass ( P p a p r a t c n s  I s ) 

c u l t l v a r *  us ing  p r o t e i n  bands.  Two Kentucky  b l u e g r a s s  

c u l t i v a r s  co u l d  not  be c h a r a c t e r i s e d  us ing  t h i s  

method and had to be compl imented w i t h  m o rp ho lo g i c a l  

o b s e r v a t i o n s  fo r  comp le te  I d e n t i f i c a t i o n .  Menkc 

®J. *J_. (1973)  s t u d i e d  the e l e c t r o p h o r e t i c  p a t t e r n s  

o f  e l e ven  common Amer i can wheat v a r i e t i e s ,  one 

durum wheat  and on* t r l t l c a l e  v a r i e t y .  W i th  

e s t e r a s e  and p e r o x id a s e  I sozymes the durum wheat  

and t r l t l c a l e  v a r i e t i e s  were e a s i l y  d i s t i n g u i s h e d  

from a l l  o t h e r  v a r i e t i e s .  Two common wheat 

v a r i e t i e s  had s i m i l a r  p a t t e r n s  and co u l d  not be 

d i s t i n g u i s h e d .  B a r l e y  i d e n t i f i c a t i o n  has been 

c a r r i e d  out  by s e v e r a l  r e s e a r c h e r s .  K a h l e r  and 

A l l a r d  (1970)  s t u d i e d  the e l e c t r o p h o r e t i c  p a t t e r n s  

o f  e s t e r a s e s  in b a r l e y  s e e d l i n g s .  Fodak ( 1 974 ) 

used ©*■ aray 1 ase , e s t e r a s e  and a c i d  phosphatase  

e l e c t r o p h o r e t i c  p a t t e r n s  of  endosperms of  

g e r m i n a t i n g  seeds to  I d e n t i f y  55 Canadi an b a r l e y  

c u l t i v a r s .  I t  was n e c e s s a r y  to  complement these
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enzyme systems w i t h  m o rp ho l og i ca l  c h a r a c t e r s  

e s p e c i a l l y  o f  the k e r n e l .  The t h r e e  enzyme systems 

a lone  cou ld  not  p r o v i d e  complete  i d e n t i f i c a t i o n  

because of  the na r row g e n e t i c  base of  the Canadi an 

b a r l e y  c u l t i v a r s .  C o n t r a r y  to  these  r e s u l t s ,

B a s s i r l  (197&) was a b l e  to  d i s t i n g u i s h  fou r  I r a n i a n  

and e i g h t  i n t r o d u c e d  b a r l e y  c u l t i v a r s  to a l a rg e  

ex tent  us ing  e s t e r a s e  sys t em a l o n e .  P e r o x i d a s e  or 

a c i d  phosphatase  were on l y  needed for  complementat i on  

Th is  f i n d i n g  I s  a t t r i b u t e d  to  the d i v e r s e  o r i g i n  of  

the c u l t i v a r s  used.  Other  work on the I d e n t i f i c a t i o n  

of  c e r e a l  c rops  i s  t h a t  o f  Gupta and Ma l i k  (1980)  on 

r i c e .  S a l t  s o l u b l e  seed p r o t e i n s  of  seven 

d i f f e r e n t  geno types  of  r i c e  were a n a l y s e d  

e I e c t rophore 1 1 ca 1 I y us ing  a po l yac ry l amide  g e l .  The 

seven geno type*  co u l d  be I d e n t i f i e d  us ing  the t o t a l  

o f  28 bands formed by these  geno types .

The e l e c t r o p h o r e t i c  t e c h n i q u e  has a l s o

been used f o r  i d e n t i f i c a t i o n  of  g r a i n  legumes and
•

f o rage  legumes.  I d e n t i f i c a t i o n  o f  kO broad bean 

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

p e r o x id a s e  Isozyme p a t t e r n s  has been done by 

B a s s i r l  and Rouhani  (1976) In I r a n .  In t h e i r  s t u d y ,  

t h ey  found th a t  the topmost l e a v e s  of  t h ree  to 

f ou r  weeks o ld  p l a n t s  were more s u i t a b l e  than the 

lower  l e a v e s .  S t a r c h  gel  e l e c t r o p h o r e s i s  was
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employed and « t o t a l  o f  10 and 17 bands were

o b t a i n e d  f o r  e s t e r a s e  and p e r o x id a s e  systems

r e s p e c t i v e l y .  Onl y  f ou r  c u l t i v a r s  c o u l d  not be

c h a r a c t e r i s e d  as they  had s i m i l a r  band ing  p a t t e r n s

f o r  both enzyme sys t ems .  For common bean c u l t l v a r

I d e n t i f i c a t i o n ,  B a s s l r i  and Adams (1978)  obs e r v ed

the band ing  p a t t e r n s  o f  3* U . S .  ma jor  common

c u l t i v a r s  b e l o n g i n g  to  19 commercia l  c l a s s e s ,  us in g

a c i d  p ho s p h a t a se ,  e s t e r a s e  and p e r o x id a s e  i sozymes.

A d d  phosphatase  was not found to  be a s u i t a b l e

sys t em because  o f  the l a r g e  number o f  monomorph1 c •

bands ( i . e .  bands are  p r ese n t  In a l l  c u l t i v a r s

s t u d i e d )  and few po l ymorph i c  bands ( I . e .  bands are

p r e s e n t  In some c u l t i v a r s  and absent  In o t h e r s -

E s t e r a s e  was a l s o  o f  l i m i t e d  use ,  but the 
p e r o x i d a s e  system was u s e f u l .  D i f f e r e n t  c u l t i v a r s

b e l o n g i n g  to  the same commercia l  c l a s s  cou ld  be

I d e n t i f i e d  c o m p l e t e l y  based on a l l  enzyme

systems used.  The same enzyme systems have been

used by Qu i ros  (1980)  to  d i s t i n g u i s h  between 21

a l f a l f a  mother  p l a n t s .  The a l f a l f a  c l on es

i d e n t i f i e d  I n c l u d e d  18 t e t r a p l o l d s  and 3 h e x a p l o i d s .

S i m i l a r l y ,  e l e c t r o p h o r e t i c  p a t t e r n s  have 

been used on o t h e r  c rops  as w e l l .  E s t e r a s e ,  

p e r o x i d a s e  and tub e r  p r o t e i n  p a t t e r n s  were used 

by Desborough and P e l o q u l n  ( I 968) to  I d e n t i f y  

p o t a t o  v a r i e t i e s .  F o r t y  f i v e  North  Amer ican
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P O t a t o  v a r i e t i e s  were used in the s tudy emp loy ing  

d i s c  e l e c t r o p h o r e s i s .  The two enzyme systems were 

used to I d e n t i f y  36 of  the v a r i e t i e s .  For  complete  

i d e n t i f i c a t i o n  of  a l l  the v a r i e t i e s ,  the 

a d d i t i o n a l  use of  the p r o t e i n  p a t t e r n s  was r e q u i r e d .  

B a s s i r i  (1977)  used a c i d  phosphatase  and c a t h o d a l  

p e r o x id a s e  of  t en-day  o l d  s e e d l l n g » t o  d i s t i n g u i s h  

between f i v e  I r a n i a n  and n ine  i n t r o d u c e d  c u l t l v a r s  

and seven w i l d  e c o t yp es  of  s a f f l o w e r .  He co nc lud ed  

that  both enzyme systems cou ld  be used J o i n t l y  

f o r  comp le te  I d e n t i f i c a t i o n  o f  the 21  geno types ,  

t l e c t r o h o r e s I s  has a l s o  been used f o r  i d e n t i f i c a t i o n  

In maize (Brown and A l l a r d ,  1970) In peanut s  

( C h e r r y  and Ory ,  1973) in tomatoes ( R i c k  and Fobes ,  

1975) and o t h e r s .  There I s  t h e r e f o r e  ample e v i d e n c e  

tc  show t h a t  I t  I s  w o r t h w h i l e  to  I n v e s t i g a t e  the use 

of  isozyme p a t t e r n s  to  i d e n t i f y  py r e th ru m  c l o n e s .
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3 MATERIALS AND METHODS

3 . 1  M a t e r i a l s *

The p r e s e n t s tudy was based on twe l v e  Kenyan

commerc i a l  p y r e t h r u m c l o n e s . They were o b t a i n e d

from the r e f e r e n c e co l  l e c t  i on o f  c l o n e s  at  the

Nat 1onal  Py r ethrum and H o r t i c u l t u r a l  Research

S t a t i o n ,  Molo.  They compr ise ten d i p l o i d s  an d

two t r l p l o l d s .  The c l o n e s  are  l i s t e d  below.

433 1/64/197 1/67/618

4729 Ma/65/2 52 Mo/70/1013
Ma/62/246 Ma/65/99 Ma/63/lb89
0/64/219 Sb/65/58 Sb/66/107

The l a s t  two are  t r l p l o l d s .  These c l o n e s  were 
s e l e c t e o  from e i t h e r  s i n g l e  c r o s s  or  p o l y c r o s s  
p o p u l a t i o n s  In v a r i o u s  y e a r s  and l o c a t i o n s .  The 
n a i n y  s ys t em of c l o n e s  used a t  p r e s e n t  I n d i c a t e s  
the ye a r  when s e l e c t i o n  was done and the l o c a t i o n  
where i t  was done. For  example c l one  Ma/62/246 
was s e l e c t e d  at Mar lndas  (Ma) in I 962 and the 
s e l e c t i o n  number was 246. For  the o t h e r  c l o n e s .
Mo s t ands  l o r  Molo,  l f o r  L imu ru ,  Sb f o r  Subkid  
and 0 f o r  01 J o r o  Orok.  C lones  4331 and 4 72 S were 
s e l e c t e d  b e f o r e  1962 u s ing  a d i f f e r e n t  naming

sys tem.  In t h i s  l i s t  Mo/70/1013 i s  the most

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

In 1970. R e f e r e n c e  to c l o n e s  In t h i s  s tudy  w i l l

be by t h e i r  s e l e c t i o n  numbers o n l y .  There I s  no
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pro pe r  r e c o rd  of  the pa r en tage  o f  t hese  c l o n e s .  I t  

i s  t h e r e f o r e  not known how c l o s e l y  r e l a t e d  they  

a r e .  To de te rm ine  whe the r  the e l e c t r o p h o r e t i c  

t e c hn ique  can be used to  d i s t i n g u i s h  between 

c l o s e l y  r e l a t e d  c l o n e s ,  t w e l v e  f u l l - s l b  c l o ne s  from 

the v a r i e t y  K200 ( c l o n e  1*7^3 x c l o n e  1/66/1*73) were 

I n c l u d e d  In the s t u d y .  They were numbered FS I 

to FS 12. In a d d i t i o n ,  the e l e c t r o p h o r e t i c  

p a t t e r n s  of  n ine  c l o n e s  of  J a p a n e s e  o r i g i n  were 

s t u d i e d  ( J 1§ 2,  3,  7, 3 , 12, U ,  16 and 18) .

A l l  t hese  c l o n e s  were r a i s e d  In a g l a s s  house 

w i t h  l i m i t e d  v e n t i l a t i o n .  The minimum tempera ture  

was 10 C and maximum was 36°C d u r i n g  the n ine  months 

growing  and e x p e r i m e n t a l  p e r i o d .  A s p l i t  o f  each 

c l o ne  was p l a n t e d  In a b l a c k  p o l y t h e n e  bag f i l l e d  

w i t h  humus r i c h  s o i l  o b t a i n e d  from Molo.  One tea- 

sp oon fu l  of  double  supe rphosphate  was t h o r ou gh l y  

mixed w i t h  s o i l  in each bag ( e q u i v a l e n t  to 200 kg 

per  h e c t a r e ) .  In o r d e r  t o  s tudy  the e f f e c t  of  

d i f f e r e n t  s o i l s ,  two c l o n e s  were grown on v a r i o u s  

s o i l  c o m p o s i t i o n s ;  C lones  6331 and 6729 were each 

grown on a s o i l  medium composed o f  top f o r e s t  s o i l ,  

sand and ho rse  manure In the r a t i o  of  2 : 1 : 1  and on 

Kabete s o i l  ( r e d d i s h  brown l a t e r i t i c  s o i l s ) .

A l l  p l a n t s  were w a te red  t w i ce  a week.  They 

were a l s o  f r e q u e n t l y  sp ray ed  w i t h  D' .azinon
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( 2 . 5  ml In 2 1 of  w a t e r )  to c o n t r o l  t h r i p ’* and 

* p ) d e r  m i t e s .  R e p l i c a t e s  of  c l o n e s  219,  252, U J 8 9 , 

<•33! and 4729 were not sp rayed  f o r  a p e r i o d  o f  two 

months.  Samples  taken from these  c l o n e s  were used 

to  s tudy the e f f e c t  o f  the p e s t s  on the 

e l e c t r o p h o r e t l c  band ing  p a t t e r n s  o f  the enzymes 

s t u d i e d .  (The e f f e c t  o f  the I n s e c t i c i d e  was 

c o n s i d e r e d  to  be confounded w i t h  tha t  o f  the 

•nsect  p e s t s ) .  Samples  f o r  a n a l y s i s  were not taken 

u n t i l  a l l  the c l o n e s  had a t t a i n e d  un i fo rm 

v e g e t a t i v e  growth s i n c e  th e r e  a re  d i f f e r e n c e s  In 

e s t a b l i s h m e n t  between c l o n e s .  Th i s  took th r ee  

months from, the t ime of  p l a n t i n g .

3.2 Methods

3-2.1 P r e l i m i n a r y  t r i a l s .

The use o f  e l e c t r o p h o r e s i s  has not been 

r e p o r t e d  f o r  any s tudy  In py re th rum.  T h e r e f o r e  

s e v e r a l  p r e l i m i n a r y  s t u d i e s  were needed.

3 . 2 . 1 .  I S ampl ing  and enzyme e x t r a c t i o n

P r e l i m i n a r y  r e s u l t s  showed t h a t  l e a v e s  were 

most a p p r o p r i a t e  to  use f o r  t h i s  s t u d y .  A p i c a l  

m c r l s t em s ,  stems and l e a f  p e t i o l e s  were t r i e d  but 

were found u n s u i t a b l e .  One gram o f  l e a v e s  was 

we ighed f o r  each samp l ing  f rom each c l o n e .  They
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were kept  in wet paper  tow e l s  in a r e f r i g e r a t o r  

<* °C)  t i l l  they  were used.  Each sample was c rushed  

in a p r e - c h i l l e d  square  e x c a v a t e d  s o l i d  watch  g l a s s  

(embryo b l o c k )  w i t h  a p e s t l e .  Each of  the samples 

was put back in the r e f r i g e r a t o r  u n t i l  a l l  the 

p r e p a r a t i o n s  were ready f o r  e l e c t r o p h o r e s i s .

3 . 2 . 1 . 2  S t a r c h  ge l  p r e p a r a t i o n  and e l e c t  rophore  s i %• 

Gel p r e p a r a t i o n  and e l e c t r o p h o r e s i s  were done 

us in g  s t a n d a r d  methods d e s c r i b e d  by Shaw and Koen 

( 1 968 ) w i t h  some m o d i f i c a t i o n s  to s u i t  t h i s  s t u d y .  

H y d r o l y s e d  s t a r c h  (S igma No. S-<»501), was used w i th  

t r l s - c l t r i c  a c i d  b u f f e r  f o r  ge l  p r e p a r a t i o n .  The 

b u f f e r  was made from 19 ml o f  0 .05 M c i t r i c  a c i d  and 

20 ml o f  0 .19  M t r i s  (H y d r o x ym et h y l )  me thy lam lnc  and 

the volume was made to  250 ml w i t h  d i s t i l l e d  w a t e r .  

T h i s  gave pH 7-5- P r e l i m i n a r y  t r i a l s  showed t h a t  

1«0 g o f  s t a r c h  w i t h  t h i s  volume o f  b u f f e r  gave a 

good gel  c o n s i s t e n c y  and good s e p e r a t i o n  o f  bands.

In p r e p a r i n g  the g e l ,  a suspens ion  of  the s t a r c h  was 

made In an e r j e n m e y e r  f l a s k .  The suspens ion  was 

he a te d  g e n t l y  w h i l e  keep ing  the f l a s k  in co ns t an t  

r o t a r y  a g i t a t i o n .  H e a t i n g  made the s t a r c h  

sus p en s i o n  f i r s t  v i s c o u s  and opaque.  I t  soon 

became semi- t r a n s p a r e n t  and l e s s  v i s c o u s .  At t h i s  

p o i n t  a i r  bubb les  appeared a t  t he  bot tom of  the



31

f l « » k  and h e a t i n g  was d i scont inued-.  The ge l  was 

then c o m p l e t e l y  degassed w i t h  a s u c t i o n  pump and 

imm ed ia t e l y  poured on to  a p l e x i g l a s s  t r a y  to  s e t t l e  

u n i f o r m l y .  I t  was l e f t  to coo l  at  room tempera ture  

f o r  20 minutes  and then cove red  w i t h  a p o l y t h e n e  sheet  

and t r a n s f e r e d  to  the r e f r i g e r a t o r  f o r  f u r t h e r  

c o o l i n g .  A f t e r  1*0 m inu tes ,  the ge l  was ready fo r  

e l e c t r o p h o r e s i s  and was removed from the r e f r i g e r a t o r .

For  e l e c t r o p h o r e s i s  a s l i t  was made in the  gel

4 cm from the c a t h o d a l  end.  Tho c rude  e x t r a c t s  o f  
the c rushed  l e a f  samples ware absorbed w i t h  Whatman

f i l t e r  paper  (No 3)  measu r ing  6 mm x 9 mm. Excess

J u i c e  was removed from the w i c k s  by p r e s s i n g  them

between fo l d e d  paper  t o w e l s .  The w i ck s  were then

i n s e r t e d  in the s l i t  on the g e l .  I t  was p o s s i b l e

to run the e x t r a c t s  o f  13 d i f f e r e n t  samples

s i m u l t a n e o u s l y  on the gel  measur ing  190 mis x | k9 mm

x 6 mm. Sponge c l o t h s  were used to connect  the gel

to e l e c t r o d e  chambers which c o n t a i n e d  a b u f f e r

IpM 8 . 7 )  made up of  0.1 M b o r i c  a c i d  and 0.1 M

sooium h y d r o x i d e .  E l e c t r o p h o r e s i s  was conducted

I n s i d e  a r e f r i g e r a t o r  (.i*°C) at  165 V o l t s  f o r  the

f i r s t  25 m inutes  to a l l o w  f o r  s l ow  s e p a r a t i o n  of

bands.  The sample w i c k s  were then removed and

the v o l t a g e  I n c r e a s e d  to  300 V o l t s .  E l e c t r o p h o r e s i s

was s topped as soon as the b o r a t e  f r o n t  had
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m ig r a te d  10 cm from the p o i n t  o f  w i c k  I n s e r t i o n  

( O r i g i n ) .  The d u r a t i o n  o f  e l e c t r o p h o r e s i s  was about 

f i v e  hours .

3 . 2 . 1 . 3  L o c a t i o n  o f  enzymes on g e l s .

Upon com p le t i o n  of  e l e c t r o p h o r e s i s ,  the g e l s  

were s l i c e d  h o r i z o n t a l l y  I n t o  two. Each h a l f  was 

s t a i n e d  s e p a r a t e l y  f o r  a d i f f e r e n t  enzyme system or  

f o r  the  same enzyme us ing  d i f f e r e n t  s t a i n i n g  methods.  

These methods d i f f e r e d  in e i t h e r  pH o f  b u f f e r ,  

s u b s t r a t e  used or  s t a i n i n g  c o n d i t i o n s .  E s t e r a s e s ,  

a c i d  p h o s p h a t a se s ,  c a t a l a s e s  and p e r o x id a s e s  a r c  the 

enzyme systems tha t  were t r i e d  in the p r e l i m i n a r y  

s t u d i e s .  Dur ing  these  t r i a l s  samples o f  b a r l e y  and 

maize were i n c l u d e d  as c o n t r o l  because  they  posses 

these  enzymes ( S c a n d a l i o s ,  197M- D i f f e r e n t  s t a i n i n g  

p ro ced ur es  t r i e d  for  e s t e r a s e s  were s i m i l a r  to those 

d e s c r i b e d  by Shaw and Koen ( 1 96 8 ) ,  Brown and A l l a r d  

(1969)  Krasnuk  .ej aj_. ( 1 976 ) w i t h  some m o d i f i c a t i o n s ,  

Hv ld  and N i e l s e n  (1977)  and O k l r o r  e_t aj.. (1982 ) ._ 

These methods showed that  e s t e r a s e s  a re  p resen t  in 

p y re ih rum .  They were however  d i f f u s e d  throughout  

the m i g r a t i o n  z o n e .

Ac id  phosphatase  was s t a i n e d  a c c o r d i n g  to  

the methods of  Shaw and Koen (1988 ) ,  Krasnuk et  a ) .  

(1976)  w i t h  some m o d i f i c a t i o n s  and K a h l e r  e t  a l .
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( 1981 ) .  Onl y  the method o f  K a h l e r  oj  ̂ (1981)

r e s u l t e d  In c l e a r  r e s o l u t i o n  o f  bends.  0.1 g f a n  

ge rne t  GBC s a l t  was d i s s o l v e d  In 5 ml d i s t i l l e d  

w a t e r  and 0 . 5  ml I t  MgCI^- The s u b s t r a t e  12.0 ml I )  

na p h th y l  a d d  phosphate sodium s a l t - 1  g d i s s o l v e d  

In 50 ml a c e tone  and 50 ml « 2 0) was then added to  

the b u f f e r  s o l u t i o n  J u s t  p r i o r  to  s t a i n i n g .  The 

brown phosphatase  bands appeared  In one and h a l f  

hours  at room t em p er a tu r e .  Three mononorphic  bands 

w i t h  no d i f f e r e n c e s  In s t a i n i n g  I n t e n s i t y  were 

o b t a i n e d .

C a t a l a s e s  were l o c a l i s e d  us in g  the method of  

Shaw and Koen (1968)  and th a t  o f  Robinson U 9 6 6 ) .

No bands were ob se r ve d  for  t h i s  enzyme system.

Three s t a i n i n g  t e c h n i q u es  were a t t empted  

for  f I n g e r p r l o t I n g  p e r o x i d a s e s :  the methods used

by Robinson (1966) w i t h  m o d i f i c a t i o n s ,  Krasnuk e t a I . 

( 1975)  and Gupta ct_ aj_. ( 1981 ) .  The f i r s t  method 

c o n s i s t e d  o f  c o v e r i n g  the gel  w i t h  0 . 5* hydrogen 

p e r o x id e  (100 v o l s )  f o r  about a m inute .  I t  was then 

washed th r ee  t imes  w i t h  wa te r  and immersed In 95 ml 

o f  a I t  potass lur r  I o d i d e  s o l u t i o n  a c i d i f i e d  w i th  

5 ml of  g l a c i a l  a c e t i c  a c i d .  B lue  bands appeared 

w i t h i n  t h r ee  minutes  on the anoda l  gel  o n l y .  They 

were f u l l y  d ev e lo ped  a f t e r  20 m in u t es .  The second 

method u t i l i z e d  g u a l a c o l  as the hydrogen donor.
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The g e l s  were I n cu b a te d  In 10 ml o f  0.1 M 

g u a i a c o l  f o r  30 m inu t e*  at 35°C w i t h  subsequent  

t r a n s f e r  to  0 . 3*  hydrogen p e r o x i d e .  Brown anodal  

and c a t h o d a l  bands appeared a f t e r  about 20 m inu tes .  

The band* were not as sharp as those o b t a i n e d  w i t h  

the a c i d i f i e d  po t ass iu m  i o d i d e .  B e n z i d i n e  was used 

as the hydrogen donor f o r  the t h i r d  method. Equal  

amount of  b e n z i d i n e  s o l u t i o n  (made by d i s s o l v i n g  

I g b e n z i d i n e  in 9 ml of  g l a c i a l  a c e t i c  a c i d  and 

36 ml of w a t e r )  and 3* hydrogen pe ro x ide  was poured 

on the g e l s .  B lue bands appeared  on both anodal  

and c a t h o d a l  g e l s  w i t h i n  two m inutes  and they  were 

f u l l y  v i s i b l e  a f t e r  10 m in u t es .  T h i s  method was 

ea sy  and gave r e s u l t s  q u i c k l y  but  the bands were not 

c l e a r  and sha rp .  They a l s o  t u r ne d  brown and faded 

soon a f t e r  t hey  a t t a i n e d  maximum v i s i b i l i t y .

The m o d i f i e d  method of  Robinson (1966)  was 

adopted d u r i n g  the f o l l o w i n g  t r i a l s .  I t  was f a i r l y  

q u i c k  and gave c l e a r ,  s t a b l e  bands .  S i n c e  the dye 

c o u p l e r  used in t h i s  method was not s p e c i f i c  to  the 

c a t h o d a l  p e r o x i d a s e s ,  b e n z i d i n e  was used to  l o c a t e  

the . c a thoda I  b an d s .

3 . 2 . 2  C o n f i r m a t o r y  t r i a l s

R e s u l t s  of  the p r e l i m i n a r y  t r i a l s  showed th a t  

p e r o x id a s e  was the most s u i t a b l e  enzyme to  be used
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In e l e c t r o p h o r e t l c  I d e n t i f i c a t i o n  of  pyre th rum 

c l o n e * .  T h i s  enzyme system was then s t u d i e d  In 

d e t a i l .  Enzyme e x t r a c t s  from d i f f e r e n t  

deve lopmenta l  s t ag es  o f  the l e a f  t i s s u e  were run.

In a l l  f u r t h e r  e x p e r i m e n t s ,  one gram of  

l e a v e s  per  c l o ne  was used and e 1e c t r o p h o r e s I s  was 

conduc ted  as d e s c r i b e d  e a r l i e r .  C lone  58 was 

a r b i t r a r i l y  chosen as s t a n d a r d .  Samples of  I t  were 

p l a c e d  at  both ends o f  the s l i t  In the g e l .  Th is  

was to  f a c i l i t a t e  v i s u a l  s c o r i n g  o f  band s t a i n i n g  

I n t e n s i t i e s .  When the bands were f u l l y  d ev e lo ped ,  

the ge l s  were washed w i t h  w a t e r  and p l a c ed  on a 

ge l  v i e w e r .  F i x i n g  the bands was done by c o v e r i n g  the 

gel  w i t h  d i s t i l l e d  w a t e r .  N ine g e l s  were run In 

t o t a l  f o r  the commerc i a l  c l o n e s .  The f u l l - s i b  

c l o n e s  and the J a p a n e se  c l o n e s  were each run four  

t im e s .  The r e s u l t  of  each exper imen t  was p h o t o g r a ­

phed w i t h  c o l o u r  f i l m  and a l s o  marked on graph pape r .  

These r e s u l t s  were l a t e r  used to  de te rm ine  the means 

of s t a i n i n g  i n t e n s i t i e s  and m i g r a t i o n  p o s i t i o n s  of  

band* on the g e l .  The meen* were then used to  

draw the d i agrams p r es e n t e d  in the r e s u l t s .

I n c l ud ed  In the work w i t h  p e r o x i d a s e s  were 

s t u d i e s  of  the e f f e c t  o f  d i f f e r e n t  s o l i  co m p o s i t i o ns  

on isozymes o f  r e p l i c a t e s  o f  c l o n e s  1*331 end **7 2 9 .

The e l e c t r o p h o r e t i c  p a t t e r n s  of  c l o n e s  219.252,
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lb89. ^331 and 6729 were compared w i t h  those of  t h e i r  

r e p l i c a t e s  s u b j e c t e d  to  i n s e c t  pest  a t t a c k .  F i n a l l y ,  

samples  of  the t w e l v e  commerc ia l  c l o n e s  were 

o b t a i n e d  from the r e s e a r c h  s t a t i o n  at  Molo and t h e i r  

p e r o x i d a s e  i sozymes were s t u d i e d .  Th is  s tudy  was 

meant to  p r o v i d e  more I n f o r m a t i o n  on the e n v i r o n m e ­

n t a l  e f f e c t  o f  p e r o x id a s e  Isozyme p a t t e r n s  of  t hese  

c l o n e s .
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* RESULTS

. I P r e l i m i n a r y  t e s t * .

P r e l i m i n a r y  t r i a l s  w i t h  the c a t a l a s e ,  

e s t e r a s e ,  p e r o x id a s e  and a c i d  phospha tase  enzyme 

systems showed tha t  o n l y  the  p e r o x id a s e  system was 

u s e f u l  f o r  c l o n a l  i d e n t i f i c a t i o n  in py re th rum.  Th is  

o b s e r v a t i o n  was made a f t e r  t r i a l s  w i t h  d i f f e r e n t  

s t a i n i n g  t e c h n i q u e s  on a p i c a l  r ae r l s t ems ,  s tems,  

young l e a v e s  ( I  to 2 weeks o l d )  and mature green 

l e a v e s .  C a t a l a s e s  were not ob se r ved  on any o f  the 

g e l s  ran w i t h  sample e x t r a c t s  from the d i f f e r e n t  

t i s s u e s  us in g  two s t a i n i n g  methods.  The p r esence  

of  e s t e r a s e s  was obse r ved  us in g  f i v e  s t a i n i n g  

methods on sample e x t r a c t s  from young l e a v e s  and 

a p i c a l  m er i s t em s .  They were not d i f f e r e n t i a t e d  

i n t o  bands but d i f f u s e d  throughout  the m i g r a t i o n  

i o n *  ( P l a t e  I )  and so they  were not  used.  Ac id  

phosphatase  Jsozymes were o b t a i n e d  us ing  e x t r a c t s  

from mature and young l e a v e s .  There were th ree  

monomorphlc bands which d id  not e x h i b i t  any 

d i f f e r e n c e s  in s t a i n i n g  i n t e n s i t i e s  ( F i g u r e  2 ) .  

T h e r e f o r e  these  bands co u l d  not be used for  

I d e n t i f i c a t i o n .  P e r o x i d a s e  bands were f u r t h e r  

s t u d i e d  f o r  use In I d e n t i f i c a t i o n .  Enzyme 

e x t r a c t s  were o b t a i n e d  from l e a v e s  o n l y  as o t h e r



38

Figure 2. D i c g r « m e t i c  r e p r e s e n t a t i o n  of  e l e c t r o p h o r e t i c  
bend ing  p a t t e r n s  o f  a c i d  p ha s ph a t ase s  o f  12 
Kenyan commerc i a l  c l o n e s .

KEY

□Z3 — Medium staining Bands 
0 — Origin

BP — Borate buffer front
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t l s » u e *  were not  s u i t a b l e .  T r i a l s  w i t h  samples 

f rom d i f f e r e n t  deve lopmenta l  s t a g es  o f  the l e a f  t i s s u e  

showed t h a t  mature green l e a v e s  o f  o v e r  f ou r  weeks 

o l d  were most s u i t a b l e .  Younger  l e a v e s  gave f a i n t  

bands or  no bands a t  a l l .

J».2 P e r o x i d a s e  bands.

k .2 .1  D e s c r i p t i o n  of  the bands.

A f t e r  examin ing  the ge l s  from a l l  the runs ,  

the band ing  p a t t e r n s  were e s t a b l i s h e d  a c c o r d i n g  to 

t h e i r  mean s t a i n i n g  I n t e n s i t i e s .  The bands 

s t a i n e d  from dark and t h i c k  to f a i n t  and t h i n .

These bands were grouped a c c o r d i n g  to t h e i r  

m i g r a t i o n  d i s t a n c e s  from the p o i n t  of  sample 

I n s e r t i o n  ( o r i g i n ) .  The m i g r a t i o n  d i s t a n c e  of  a 

band I s  read from the edge c l o s e s t  t o  the o r i g i n .

A t o t a l  o f  seven d i f f e r e n t  bands were obser ved 

on the anodel  s i d e  of  the gel  (a .  to a , )  and two 

on the c a t ho d a l  s i de  ( c ,  and C j ) .  These bands are 

p r e s e n te d  In F i g u r e s  3 and k . R e s u l t s  In F i g u r e  A 

are  a l s o  p r e s e n t e d  In a n o t h e r  form In Tab l e  I .

These bands o cc u re d  such t h a t  23 d i f f e r e n t  

com b in a t i o ns  o f  m o b i l i t y  and i n t e n s i t y  were 

obse r ved  on the anoda l  s i d e  of  the gel  and s i x  on 

c a t h o d a l  s i d e .  The anoda l  bands were d i v i d e d  in 

t h r e e  zones d e s i g n a t e d  as A | t  A j (  and A (|1 and the
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F i g u r e  3- D i f f e r e n t  bands and I n t e n s i t i e s  of
anoda l  and c a t ho d a l  o e r c x l d a s c '  o f  ’ ?

Kenyan commerc ia l  c l o n e s ,  12 f u l l * s l b  
c l o n e s  w i t h  t h e i r  p a r e n t s  and n ine  
c l o n e s  o f  J apanese  o r i g i n  grouped 

. a c c o r d i n g  to m i g r a t i o n  d i s t a n c e  i n t o
rones  A | t  A | | (  A | j (  and C ( and C ( | .

KEY :
Stoining intensity :

— Dork 
m ] — Medium 
rm  — Light 
.— . _  Faint

5 _  Origin

BF —Borate buffer front
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F ig ure U D i a g r a m a t i c  r e p r e s e n t a t i o n  o f  e l e c t r o p h o r e t i c  h a n d i n g  p a t t e r n s  o f  a n o d a l  and c a t h o d a l  p e r o x i d a s e s  
o f  12 K e n y a n  t e m m e r c i a !  c l o n e s , ,  12 f u l l - s i b  c l o n e s  w i t h  t h e i r  p a r e n t s  and n i n e  c l o n e s  o f  J a p a n e s e  
o r i g i n .

KEY :
Stain ing intensity

0
BF

See Figure 3.
Origin.
Borate buffer front.
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Ta b i c  1. D i f f e r e n t  comb ina t i ons  of  p e r o x id a s e  
bands a c c o r d i n g  to m i g r a t i o n  p o s i t i o n  
and s t a i n i n g  i n t e s i t y  in the 35 c l o n e s  
s t u d i e d .

Ar. ode C a t hodc

Zones A . A
2 A3 C l C

Bands 
C 1 on e s

- 1 *2 a 3 \ *5 a 6 ° 7  C1 c

58 D L L F
99 M L L F

107 M L F M
197 M D H « D
219 D M M F L M
2 A6 L D L M M
252 M L L H
618 0 0 D F F L

1013 L L L M
l 869 D D D L
<♦331 D L F F

U 72 9 M l l

J  1 r 0 0 D F r l
J  2 D D D M
J 3 D D D M
J  7 F D D D L M l D
J  9 M L F
J  12 M L F F
J  U D M M L
J  16 D M M F
J 18 D M D M D

I I
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c a t h o d a l  band* In two /one* d c * l g n * t e d  at  C t and C |( 

Bands w i t h i n  zone A | | (  had the g r e a t e s t  r e l a t i v e  

n o b i l i t y  and they  were in the range o f  8.7 to 9.3 cm 

from the o r i g i n  whe reas  bands from zone A ( had the 

l owest  r e l a t i v e  m o b i l i t y  be ing  about  6 . 5  cm from 

the o r i g i n  (.the b o r a t e  f r o n t  had moved 1 0. 0  cm).

The C| (  bands had the g r e a t e s t  r e l a t i v e  m o b i l i t y  on 

the c a t h o d a l  gel  and the C ( band* had the lowest  

r e l a t i v e  m o b i l i t y  be i ng  in the range o f  2 . 6  cm to  

3. 0 cm and 1.7 cm to 2 . 0  cm r e s p e c t i v e l y .

Bands in zone* A ( and A ( ) |  were mos t l y  l i g h t  

and f a i n t .  Onl y  s i x  c l o n e s  had zone A ( bands.  Clones 

197 and W M  had medium a, bands and 2 A6 and F$^ 

had l i g h t  a,  bands w h i l e  J ( and had f a i n t  bands 

at the same p o s i t i o n .  Zone A | ( |  bands were l e ss  

common among the commerc ia l  and J a p a n e s e  c l o n e s ,  

but twe l v e  o f  the f o u r t e e n  c l o n e *  In the f u 11 * » Ib 

p o p u l a t i o n  had them. The J a p an e se  c l o n e s  w i th  

zone A ( bands a l s o  had A ( j |  bands.  Two 

commerc ia l  c l o n e s  (219 and 618) had zone A f ( 

bands whi ch were a l l  f a i n t .  Of a l l  the c l o n e s ,  

o n l y  two ( F $ 2 and J-,)  had bands on a M  the seven 

dnodal  m i g r a t i o n  p o s i t i o n s .

Zone A ( (  bands were found in c l o n e s  from 

a l l  t h r e e  groups .  These bands were u s e f u l  f o r  

I d e n t i f i c a t i o n .  They were d i s t r i b u t e d  o ve r  

th r ee  p o s i t i o n s :  a 2 , a^ and a^. The dark a2
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-and was the most common one,  ap p e a r i n g  in 2 *. 

c l o n e s .  T h i s  band was r a t h e r  t h i c k  In one c l one  

The medium s t a i n i n g  band at  the same 

p o s ' t - o n  was l e s s  f r e qu en t  and appeared  In 7 c l o n e s .  

The l i g h t  a 2 band was found in th r ee  clone* (1013,  

f S ,  and FSg)  and t h e f a i n t  a 2 band In o n l y  0ne 

( F S 101’ At P o s i t i o n  a^ a dark  band occured  in n ine  

c l o n e s  and a medium band o cc u re d  in 12 c l o n e s  

w h i l e  a l i g h t  band was found In 10 c l o n e s .  F i v e  

c l o n e s  had the f a i n t  band.  E l e v e n  c l o n e s  had the 

dark a^ band,  o f  wh i ch  f i v e  were J a p an e se  ( j  ( , ,

J  3 • J 7 and J 1 3 ), f ° u r  were from the f u l l - s i b  

p o p u l a t i o n  (FS2 , FS^ ,  F S g and p a r e n t  1. 73 ) and two 

were commerc i a l  c l o n e s  fcl 6 and 1689) .  Ten c l o n e s  

had a medium ba-.o at  the sane p o s i t i o n  and fou r  had 

a l i g h t  band.  The f a i n t  a^ band occured  In f i v e  

c l o n e s  .

G e n e r a l l y ,  a l l  c l o n e s  had bands a2 w h i l e  

some ’ ecked c i t h e r  or a ;  or  both of  then.

There were not many c a t h o d a l  bands.  One band 

(c 1 > *•*  in *one C, w i t h  v a r i a t i o n  in s t a i n i n g

i n t e n s i t y .  Ano t he r  band,  a l s o  w i th  v a r y i n g  s t a i n i n g  

I n t e n s i t y ,  was found in zone CJ ( on m i g r a t i o n  p o s i t i o n  

c2 . Band c,  was ob se r ve d  In o n l y  two c l o n e s  (219 and 

J , g ) .  Clone 219 had a l i g h t  band and J )8 had a 

medium band.  In zone C (1 a t h i c k  dark c 2 band was 

found In seven c l o n e s  (197.  F S $ , F S ? , F S ^  i* 7 3 .



and J  j g ) .  A t h i n  c^ band o cc u re d  in th ree  s t a i n i n g  

i n t e n s i t i e s :  medium, l i g h t  and f a i n t .  T h i r t e e n

c l o n e s  had a medium s t a i n i n g  band and e i g h t  had the 

l i g h t  band whe reas  o n l y  f i v e  ( 5 8 , 99 , 1*331, J )2 and 

J I 6 ) had a f a i n t  band.  Two c l o n e s  ( F S ) and J 9 > did 

not have any of  the c a t ho d a l  bands and two ( 21 9  and 

J j g )  had both the c^ and bands.

Wi th  the h e lp  of  the n ine  bands o b s e r v e d ,  

a t t em p ts  can be made to I d e n t i f y ,  the c l o n e s  on the 

b a s i s  of  the band c o m b in a t i o n*  a p p e a r i n g  in each of  

them, However ,  the l i g h t  and f a i n t  bands were 

g e n e r a l l y  not as impor t an t  f o r  i n o e n t i f i c a t i o n  as 

the dark and medium bends.  The l i g h t  and f a i n t  

bands somet imes showed v a r i a t i o n  between some 

samples  of the same c l o n e .  In some g e l s ,  the 

l i g h t  bands appeared as f a i n t  and the f a i n t  bands 

d id  not appea r .  Such v a r i a t i o n s  were r a r e l y  obser ved  

among the dark and medium t a n d s .

U . 2 . 2  The band ing  p a t t e r n s  oT the commercia l  c l o n e s .

The I d e n t i f i c a t i o n  of  the 12 commerc ia l  

c l o n e s  t-is done w i t h  empnasis  on the anoda l  bands.

The c l o n e s  a l s o  showed d i f f e r e n c e s  In c a t ho d a l  bands 

but these bands were not u s e f u l  because  they  «re  

s u b j e c t  to  e n v i r o n m e n t a l  changes (p a rag raph  k . 3. 1 ) . 

Based on the anoda l  p e r o x id a s e  bands ,  c l o n e s  197,
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2 U ,  2 1 9 , 618. 219.  618. 1013 and 1889 had 

d i s t i n c t  banding p a t t e r n s .  Look ing at F i g u r e  k,  

T a b l e  I and P l a t e  2,  c l o ne s  197 and 2k6 had a { 

Bands which d i f f e r e d  In s t a i n i n g  I n t e n s i t y .

These c l o n e s  a l s o  d i f f e r e d  in t h e i r  a^ bands which 

were medium and l i g h t  r e s p e c t i v e l y ,  C lones  219

I I I *and 616 were the o n l y  ones w i t h  bands In zone Aa
In t h i s  zone,  c l o n e  219 had a f a i n t  a^ band and 

c l o n e  618 had f a i n t  a_ and a^ bands.  These two 

c l o n e s  a l s o  d i f f e r e d  In bands o f  zone A ( ) . Clone 

219 had a dark a^ and medium « v and a^ bands ,  

w h i l e  c l on e  618, l i k e  c l o ne s  1 013  *nd 1 889 . 

had bar.es at  zone A |( which d id  not  d i f f e r  In 

s t a i n i n g  I n t e n s i t i e s  at  p o s i t i o n s  a 2 , a^ and a^.

A l l  a | , bands of  c l o n e  1013 were l i g h t  and those  of  

618 and 1889 were da r k .  Among the o t h e r  s i x  c l o n e s ,  

the l i g h t  and f a i n t  a^ and a^ bands caused some 

c l o s e  s imi  1 a r i t i c s . These bands sometimes did not

s t a i n  w e l l  and so they  were v a r i a b l e  between some 

of  the samples of  the same d o n e .  Cases l i k e  these 

were noted when, in some samp les ,  the l i g h t  bands 

were  f a i n t  and the f a i n t  ones d id  not app ea r .  When 

band a of  c l on e  99 was l i g h t ,  t h i s  c l on e  was 

I n d i s t i n g u i s h a b l e  from c lone  107- S i m i l a r l y ,  when 

band a^ of  c l one  107 was f a i n t ,  the e l e c t r o p h o r e t i c  

p a t t e r n  of  t h i s  c l o ne  was s i m i l a r  to t h a t  of  c l on e
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252. Wnen band of  c l o ne  107 d id  not appear  I t  was 

i n d i s t i n g u i s h a b l e  from c lo ne  4729. However ,  a l l  

t hese  c l o ne s  can q u i t e  e a s i l y  be d i s t i n g u i s h e d  from 

each o t h e r  by s i m u l t a n e o u s l y  runn ing  two or  th ree  

samples o f  the same c lo ne  because  one of  the samples 

may g i ve  b a n d ( s )  which are  not so f a i n t .  So ,  the use 

of  more samples makes the p ro ce ss  of  d i s t i n g u i s h i n g  

between c l o n e s  w i t h  l i g h t  , nd r a I n t  b#nds f a s y

Under s t a n d a r d i s e d  e n v i r o n m e n t a l  c o n d i t i o n s ,  

the commerc i a l  c l o n e s  could  a l s o  be I d e n t i f i e d  to 

some ex ten t  us ing  the c a t h o d a l  bands.  C lones  197 

and 219 were e a s i l y  r e c o g n i s a b l e .  C lone 19 7 had 

a t h i c k  dark c 2 band and d o n e  21 9  was the o n l y  one 

wi t h  a c,  band.  Three c l o ne s  (58,  99,  and 4 3 3 1 ) 

had f a i n t  c^ bands whereas  c l o n e s  618, I 889 and 

4729 had l i g h t  c 2 bands.  The r e s t  o f  the c l ones  

(107,  2kb,  252 ana 1013) had each a medium 

s t a i n i n g  c 2 band.

A l l  the t w e l v e  commerc ia l  c l o n e s  cou ld  be 

d i s t i n g u i s h e d  i n d i v i d u a l l y  us in g  the anodal  

p e r o x id a s e  bands a l o n e .  S e v e r a l  c l o n e s  had the 

same c a th o d a l  bands.  However ,  t hese  bands cou ld  be 

used to  d i f f e r e n t i a t e  between c l o n e s  whi ch  had 

c l o s e  s i m i l a r i t i e s  In t h e i r  anoda l  bands.

4 . 2 . 3  The band ing  p a t t e r n s  o f  the f u 11 - s Ib  p o p u l a t i o n .  

One impor t an t  a s p e c t  o f  t h i s  s t ud y  was to
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f i n d  i f  e l e c t r o p h o r e  s i * can be used to d i s t i n g u i s h  

c l o s e l y  r e l a t e d  c l o n e s .  Twe l ve  f u l l - s i b s  were used 

In the s t u d y .  T h e i r  p a r e n t s  were i n c l u d e d  f o r  

f u t u r e  r e s e a r c h  on the I n h e r i t a n c e  of  p e r o x id a s e  

i sozymes in pyre th rum.

Comparison of  the p e r o x id a s e  p a t t e r n s  showed

th a t  two of  the f u l l - s l b s  were I n d i s t i n g u i s h a o 1 e , a

few h«d c l o s e  s i m i l a r i t i e s  and o t h e r s  had unique

band I no p a t t e r n s .  F$_ ,  F$ anfl F S ,  had the sameb e  7
anodal  band ing  p a t t e r n s  ( F i g u r e  1* , Tab l e  I and

P l a t e  3)* F$k d i f f e r e d  from the o t h e r  two c lon es

by the c a t h o c a l  band which was medium s t a i n i n g .

The c .  band o f  c l o n e s  FS .  and F$^ was t h i c k  ana

da r k .  FS ,  ano F S 0 were s i m i l a r  In t h e i r  a .  and a ,c 2 3
bands wh i ch  were r e s p e c t i v e l y  l i g h t  and f a i n t .

These c l o n e s  d i f f e r e d  s l i g h t l y  by t h e i r  a .  and a,b »
bunds.  FSj  had l i g h t  bands and F S q had fai r ,  t bands 

at  t he se  p o s i t i o n s .  The r em a i n i ng  c l o n e s  ( F S ^ ,  FS^.  

FS  ̂. F S  ̂, F S ) 0 , F S j j  and F S  ̂^ ) had q u i t e  d i s t i n c t  

unodal  bands.  F $ 2 was the o n l y  c l on e  w i t h  band a , .  

F S j  had no a, band and u n l i k e  F S (  ̂ , whi ch did not 

have any of  the zone A ( ) |  bands ,  i t  had a l i g h t  a^ 

and a f a i n t  a_ band In t h i s  zone.  A l l  t h r ee  zone 

A j i (  bands o f  c l o n e  FS^ were l i g h t  and i t s  zone A (| 

bands ( a^ ,  a ̂  and a^)  were dark w i t h  the e x c e p t i o n  

o f  a^ which was medium s t a i n i n g .  A l l  zone A |( bands
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of c l o ne  F$g were ca rk and those of F S , ,  we re

medium- In , o n „  A , , , .
FS9 had a f a i n t  a band

and FS , , had me d 1um a^ ar>d a 6 b,n<i5- F s io had a

s i n g l e  band in each of zones A ! , and A , , , . These

were a f a i n t band and a l i g h t band.

Many of  the f u l l - s i b s  had some c a t ho d a l

bands In common. F i v e  c l o n e s  ( F S , ,  F S ,  , F S . _ ,  F S , .2 o 10 I I
and F S , 2 ) had lhe IBedlum band , w h i l e  FS^,  F$?

and FSg had the t h i c k  dark band c 2 . FS^,  FS^ and 
FS^ possesed  the l i g h t  c 2 band. One c l o n e  ( F S , )  had

no c a t ho d a l  bond. No f u l l - s i b  had the c ,  band.

In t h i s  s t u d y ,  the f u l l - s i b  c l o n e s  showed

s i m i l a r i t i e s  In t h e i r  band ing  p a t t e r n s ,  but the re

was a l s o  much v a r i a t i o n .

b . 2.*4 The band ing  p a t t e r n s  of  the J a p a n e s e  c l o n e s .

Jap ane 5e c I one s were a l s o  I n c l u d e d  in t h i s  

s tudy  in o r d e r  to de te rm ine  whe ther  t h e i r  

e l e c t r o p h o r e t i c  p a t t e r n s  d i f f e r e d  from those of  the 

Kenyan c l o n e s .  Three c l o n e s  ( J  , , J a n d  J  , ^)  had 

unique onodol  band ing  p a t t e r n s  among t h i s  group.  

( F i g u r e  A and P l a t e  A ) .  J , and J ,  were th» on l y  

c l o ne s  w i t h  bands in the t h r e e  anodal  zones ,  J ,  be ing  

the o n l y  one w i t h  bands at  a l l  the seven p o s i t i o n s  

o f  the t h r e e  zones.  J ,  had no a^ bands.  The o t h e r  

c l o n e  w i t h  un ique  p a t t e r n  ( J , g) d ' d  no ;  posses  any
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bands in zone A | and A | ( l . I t  had a n e d i g n  a .  band 

between dark a 2 and a^ bands In zone A ||t T hr ee 

pa*rs of  c l one* c o u l d  not  be d i f f e r e n t i a t e d  on the 

b a s i s  o f  the anodal  bands.  They were J„  and J ^ ,  

and J ] 2 , and J )  ̂ and J J &. Both J 2 and had dark

a 2  • a 3 and %  band* and each of  c l on es  and J 12

had medium a ^ , l i g h t  a,  and f a i n t  band*.  The 

o t h e r  i n d i s t i n g u i s h a b l e  p a l r ,  J 1  ̂ and J ]  ̂ , had a 

dark *2 band and medium a^ and a^ bands.

C o n s i d e r i n g  the ca t hod a i  band* as w e l l ,  two 

c l o ne s  ( J ^  and J ^ )  were i n d i s t i n g u i s h a b l e  The 

o t h e r  two p a i r s  w i t h  s i m i l a r  anodal  bands had 

d i f f e r e n t  c a t h o d a l  bands.  had no c a t h o d a l  band

w h i l e  J , 2 had a f a i n t  c 2 band.  J   ̂  ̂ and J , ^  

d i f f e r e d  by ha v i ng  r e s p e c t i v e l y  a l i g h t  and a f a i n t  

band. The c l o ne *  which had unique  anoda l  banding 

p a t t e r n s  ( J j  and J j g )  a l s o  d i f f e r e d  oy t h e i r

c a t ho d a l  bands.  was the o n l y  c l on e  w i t h  both

a Cj and a c2 band.

An i n t e r e s t i n g  o b s e r v a t i o n  was t h a t  the bands 

of  t hese J ap ane se  c l o ne s  were d i s t r i b u t e d  o ve r  the 

same m i g r a t i o n  zona* as those of  the Kenyan c l o n e s .  

However ,  each o f  the n i n e  c l o n e s  had an a^ band.

Th i s  I s  not  the case In the Kenyan py re th rum used 

in th l » s t u d y .
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** • 3 E f f e c t  of  env i ronment  on p c ro x i d a s e 5 .

The e f f e c t  o f  the env i ronment  on the 

p e r o x id a s e  bands was s t u d i e d  by o b s e r v i n g  the 

combined e f f e c t s  o f  I n s e c t s  and I n s e c t i c i d e  used to 

c o n t r o l  t hese  I n s e c t s ,  the e f f e c t  of  s o i l s  of  

d i f f e r e n t  c o m p o s i t i o n s  and the v a r i a t i o n  In bands 

of  samples o f  c l o n e s  grown under en v i r o n m e n t a l  

c o n d i t i o n s  d i f f e r en t  from the g l a s s  house c o n d i t i o n s .

*••3. I I n s e c t  i n f e s t a t i o n .

In the f i v e  c l o ne s  t e s t e d ,  t h e r e  were no 

d i f f e r e n c e s  In anoda l  bands between p l a n t s  I n f e s t e d  

w i t h  i n s e c t s  and t h e i r  h e a l t h y  sprayed  r e p l i c a t e t  

( F i g u r e  5 and P l a t e  5 ) .  The c a t ho d a l  bands of  

i n s e c t  i n f e s t e d  p l a n t s  were however  marked l y  

a f f e c t e d .  The c^ band o f  c l o ne  1889 changed from 

l i g h t  to rue d i u i' when s u b j e c t e d  to i n s e c t  pest  a t t a c k  

and the c^ band o f  c l o ne  3 3 1 changed from f a i n t  to 

r e d i u " .  Each o f  c l o n e s  219 and ^ 72S deve loped  a t h i c k  

dark Cj band w h i l e  t h e i r  h e a l t h y  r e p l i c a t e s  had 

r e s p e c t i v e l y  th in ,med ium and l i g h t  c 2 bands.  The c,  

band o f  c ' o n e  2 1 9 which was o f  medium s t a i n i n g  

I n t e n s i t y  in the h e a l t h y  r e p l i c a t e ,  was found to  be 

l i g h t  in the samples of  the pes t  I n f e s t e d  p l a n t .

Clone 252 was not a f f e c t e d  by the I n s e c t  I n f e s t a t i o n .

I t  has been obser ved  in the f i e l d  and a l s o  in the
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F i g u r e  5 D ' d y r a m a t i c  r e p r e s e n t a t i o n  of
e l e c t r o p h o r e t i c  band ing  p a t t e r n s  of  
anodel  and c a t ho d a l  p e r o x i d a s e s  of  
both h e a l t h y  (H) and i n s e c t  i n f e s t e d  
( I )  p l a n t s  of  5 commerc ia l  c l o n e s .

Key S e c  f i g u r e  3
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g l * s »  house th a t  s p i d e r  mi tes  and t h r l p s  p r e f e r  some 

c l o n e s  to  o t h e r s .  C lone 252 was s l i g h t l y  a t t a c k e d  

by these  p es t s  w h i l e  the o t h e r  c l o n e s  had a r ap id  

and heavy  b u i l t  up o f  I n s e c t s  on them. The change 

in c a t h o d a l  p e r o x i d a s a  band* as a r e s u l t  o f  I n s e c t  

pes t  a t t a c k  s u g g e s t s t h a t  these  bands may not be 

u s e f u l  as markers  f o r  I d e n t i f i c a t i o n .

I * .3.2 D i f f e r e n c e s  In s o i l  co m p o s i t i o n .

Two c l o n e s  (1*331 and 1*729) were grown on 

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

o f  t hose  c l o n e s  whi ch were used for  the s tudy had 

the same p a t t e r n s  as those o b t a i n e d  d u r i n g  the r un* 

fo r  i d e n t i f i c a t i o n  ( F i g u r e  6 ) .  The p e ro x id as e  

i s o x y e  p a t t e r n s  o f  pyre th rum c l o n e s  were not 

changed a* a r e s u l t  o f  growing them on d i f f e r e n t  

s o i l s .  Th is  shows tha t  m in e r a l  com p o s i t i o n  In s o i l  

nay not be an Impor t an t  f a c t o r  In the p e ro x id as e  

s ys t em In py re th rum as I t  d id not a f f e c t  I sozymes.

1*. 3 • 3 D i f f e r e n c e s  In growth c o n d i t i o n s .

The Isozyme p a t t e r n s  of  the twe l ve  

commerc i a l  c l o n e s  grown at  Mo Io were r a t h e r  

I n t e r e s t i n g  when compared w i t h  the r e s u l t s  ob ta i ne d  

from g l a s s  house r a i s e d  m a t e r i a l .  They d i f f e r e d  

s i g n i f i c a n t l y  as none had the same banding
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F » q u r g  6 .  D i a g r a m a t i c  r e p r e s e n t a t i o n  o f
e l e c t r o p h o r e t i c  banding p a t t e r n s  of  
anodal  and c a t ho d a l  p e r o x i d a s e s  o f  two 
commerc ia l  c l o n e s  each grown In t h r ee  
d i f f e r e n t  s o i l s :  a p r ep a r e d  s o i l
m ix tu re  ( S . ) ,  Kabcte  s o i l  ( S , )  and Molo 
s o i l  ( S 3 ) .  1 2

Key :  See f i g u r e  3
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p a t t e r n  as i t s  r e p l i c a t e  ( F i g u r e  7)• W i t h i n  each of  

two p a i r s  o f  c l o n e s  (58 and 197, 219 and 2 i»6 ) i t  was 

d i f f i c u l t  to  d i f fe ren t i a to on the .bas is  u f  tho

anoda l  bands .  C lones  58 and 197 had dark a 2 and

medium a^ and a^ bands l i k e  c l o n e s  219  and 2k 6 but 

tney  a l s o  had l i g h t  t j  band:  wh i ch  the l e t t * r  p a i r  

o f  c l o n e s  d id  not  have .  The a  ̂ band was a new band 

f o r  c l o n e  58 w h i l e  c l o n e  197 in the g l a s s  house had 

a medium aj  band.  The a 2 , a^ and a^ bands of  

c l o n e s  58 and 197 were s i m i l a r  to those o f  c l o n e  197 

grown In the g l a s s  house .  These two c l o n e s  d i f f e r e d  

by t h e i r  c a t h o d a l  band wh i ch  was a dark c 2 band for  

c l o n e  58 and f a i n t  c ,  band f o r  c l one  197. C lones  

219 and 2 6  a l s o  d i f f e r e d  by t h e i r  c a th o d a l  bands.

C lone  219 had a f a i n t  Cj band and a dark c 2 band

w h i l e  c l o n e  2*«6 had a l i g h t  c 2 band. These bands 

wore d i f f e r e n t  from those  o f  the g l a s s  house m a t e r i a l  

where  the  band o f  c l o n e  219 was l i g h t  and the c 2 

band was medium, whe reas  the Cj band o f  c l o n e  2<)6 

was a l s o  medium. On the anoda l  s i d e ,  band a .  o f  

c l o n e  219 d i s a p p e a r e d  and c l o n e  2*»6 d id  not  show the 

l i g h t  a j  band.  C lones  99 and 1889 had s i m i l a r  bands 

In zone A , , *  Those worn a dark a2 , medium a^ and 

l i g h t  a^.  T h e i r  d i f f e r e n c e s  a rose  because „

new f a i n t  a  ̂ band o f  c l o n e  99 wh i ch  c l on e  I 889 d id

not  possess  and a l s o  because  o f  t h e i r  c a t ho d a l  b i n d s .
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Th« c a t h o d a l  bands were a f a i n t  f o r  c l o n e  99 and 

a l i g h t  one f o r  c l o ne  1889. C lones  58, 107. 6 18 and 

1013 had new bands In zone A j .  Three of  t hese  

c l o n e s ,  5 8 , 618 and 1013. had f a i n t  a  ̂ bands and 

c lo ne  107 had a l i g h t  a,  band.  In zone A (| c l on e  

107 had bands s i m i l a r  to those  o f  I t s  r e p l i c a t e  in 

the g l a s s  house and c lo ne  616 a l s o  had s i m i l a r  bands 

in t h i s  zone except  the a^ band but the bands of  

c l o ne  1013 were a l l  d i f f e r e n t  in t h i s  zone.  They 

were dark 0 . and a .  bands and a medium a J( band.

These were d i f f e r e n t  f rom the l i g h t  a2 , a ,  and a fc 

bands o b se r ve d  in the g l a s s  house m a t e r i a l .  A new 

c a t ho d a l  band was a l s o  ob se r ved  f o r  c l o n e s  107, 616 

and 10)3.  Clone 107 had a l i g h t  Cj band and c l o n e s  

618 and 1013 had medium Cj bands.  The c^ bands of  

c l o n e s  107 were s i m i l a r  f o r  the Molo and g l a s s  

house m a t e r i a l s ,  but  c l o n e s  618 and 1013  had 

r e s p e c t i v e l y  dark and l i g h t  c 2 bands w h i l e  those 

o f  t h e i r  g l a s s  house r e p l i c a t e s  were r e s p e c t i v e l y  

l i g h t  and medium. There were no changes in the a ? 

bands o f  c l o n e s  252, k331 and **729- On the o t h e r  

hand,  d o n e  U331 d id  not have I t s  l i g h t  a^ and a^ 

bands and c lo ne  1*729 did not  have I t s  l i g h t  a^ band.  

Clone 252 had l i g h t  a^ and a^ bands u n l i k e  I t s  

g l a s s  house r e p l i c a t e  whi ch  had both these  bands 

f a i n t .  The c a t ho d a l  bands o f  c l o n e s  252 and k729 

were a l s o  not  the same as those  of  t h e i r  g l a s s
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house c o u n t e r p a r t s .  They had o n l y  c 2 bends which 

were l i g h t  in c l o n e  252 and medium In c l on e  It 72 9.

The C£ of  c l o n e  1*331 did not change.

A l though  none o f  the c l o n e s  grown at 

Holo had the same banding p a t t e r n s  as t h e i r  

r e p l i c a t e s  grown In the g l a s s  house,  t hey  c o u l d  a l l  

be d i s t i n g u i s h e d  from each o t h e r .
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5 DISCUSSION

5.1 Choi ce  o f  enzyme sys t em and t i s s u e .

T h i s  s tudy has shown th a t  py re th rum c l o n e s  

can be d l s t l g u l s h e d  on the  b a s i s  o f  t h e i r  

e 1e c t r o p h o r e t I c  band ing  p a t t e r n s .  Four enzyme 

systems ( c a t a l a s e s ,  e s t e r a s e s ,  a d d  phospha t ases an d 

p e r o x i d a s e s )  In four  t i s s u e s  ( a p i c a l  m er i s t em s ,  

s t ems ,  l e a f  p e t i o l e s  and l e a v e s )  were s t u d i e d .

C a t a l a s e s  were not o b s e r v e d  In any of  the 

t i s s u e s ,  w h i l e  e s t e r a s e s  were found in a p i c a l  

mer is t ems and 1 to 2 week ©Id l e a v e s .  E x t r a c t s  

from mature green l e a v e s  ( o v e r  <. weeks o l d )  as w e l l  

as young l e a v e s  had a c i d  ph ospha tase  bands but 

p e r o x id a s e  bands were c o n s i s t e n t l y  found o n l y  in 

n.ature green l e a v e s  and not In young l ea ve s  or  a p i c a l  

m er i s t em s .  E s t e r a s e s  were not used for  i d e n t i f i c a t i o n  

because they  were not d i f f e r e n t i a t e d  I n t o  bands but  

d i f f u s e d  th roughou t  the m i g r a t i o n  zone.  A l though 

a d d  pho spha tase  bands were o b s e r v e d ,  they were not 

u s e f u l  f o r  i d e n t i f i c a t i o n  because  of  t h e i r  monomorphlc 

n a t u r e  and l a ck  o f  d i f f e r e n c e s  In s t a i n i n g  I n t e n s i t y .  

Only  p e r o x id a s e  bands were found to be us e fu l  for  

I d e n t i f i c a t i o n  purposes  d u r i n g  the p r e l i m i n a r y  t r i a l s .

The v a r i a t i o n  of  e s t e r a s e s  and p e r o x id a s e s
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In d i f f e r e n t  t i s s u e s  can be seen as r e s u l t i n g

from the  f u n c t i o n i n g  of  s p e c i f i c  s e r i e s  of

a l l e l e s  In each t i s s u e .  A s i m i l a r  e x p l a n a t i o n  was

g i v en  by Upadhya and Yee ( 1968 ) f o r  v a r i a t i o n  of

I sozymes In d i f f e r e n t  t i s s u e s  o f  b a r l e y  s e e d l i n g s .

Th i s  explanat ion does n o t ,  howeve r ,  app l y  to  the

a c i d  phosphatase  isozymes whi ch  were monomorphic

and they  were ob se r ve d  In both young and mature

l e a v e s  u n l i k e  e s t e r a s e s  and p e r o x i d a s e s  wh i ch

o cc u r e d  o n l y  In young and mature l e a v e s  r e s p e c t i v e l y .

The a c i d  ph ospha tases  may be h a v i n g  an e s s e n t i a l

b i o c h e m i c a l  r o l e  In the py re th rum p l a n t  and may

not  a l l o w  f o r  v a r i a t i o n s .  Qu i ro s  <1980 ) found the

same banding p a t t e r n s  f o r  l e u c i n e  amino pep t id ase  
i sozymes in a l f a l f a  c l o n e s  and c o u l d  t h e r e f o r e  not

use t h i s  for  I d e n t i f i c a t i o n  of  a l f a l f a  c l o n e s .

5.2 The p e r o x i d a s e  bands and t h e i r  use In 

I den t i f I  ca t  I o n .

The p e r o x id a s e  bands o cc u r ed  In th ree  

m i g r a t i o n  zones on the anoda l  s i d e  (A ( , A |(  and 

A , , , )  and two on the c a t h o d a l  s i d e  of  the gel  

(C, and C | | ) . In t o t a l ,  t h e r e  were seven 

d i f f e r e n t  bands on the anoda l  and two on the ca thoda l  

s i d e  o f  the g e l .  These bands v a r i e d  In s t a i n i n g  

I n t e n s i t y  from dark and t h i c k  to  f a i n t  and t h i n .

The p r esence  and I n t e n s i t y  o f  any of  the bands in
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a c lon e  w i t  used as a too l  to  d i s t i n g u i s h  between 

the c l o n e s .  Zone A j f  bands were reost u s e f u l  f o r  

i d e n t i f i c a t i o n .  These were the bands d e s i g n a t e d  

*2 * *3 and * 4 * dark and medium s t a i n i n g

bands .  The zone A ( bands ( a , )  and zone A | | t  bands 

( a &, afe and a ? ) c o n s i s t e d  ma in ly  o f  l i g h t  and f a i n t  

bands wh i ch  were  somet imes v a r i a b l e  between 

d i f f e r e n t  samples o f  the same c l o n e .  Such 

v a r i a t i o n s  i n v o l v e d  the d i s a p p e a r a n c e  of  a f a i n t  

band o r  the appea rance  o f  a f a i n t  band i n s t e a d  of  

a l i g h t  one .  T h i s  was an o b s e r v a t i o n  r a r e l y  made 

among the dark and medium bands.  However ,  c l o n e s  

w i t h  l i g h t  and f a i n t  bands co u l d  s t i l l  be 

d i s t I r g u i s h o d  from each o t h e r  by s i m u l t a n e o u s l y  

runn ing  two o r  t h r e e  samples  o f  the same c lone  

s i n c e  one o f  the samples  may g i v e  s l i g h t l y  d i f f e r e n t  

band ( • ) .  S i m i l a r  v a r i a t i o n s  were a l s o  obser ved  

among the l i g h t  and f a i n t  c a t h o d a l  bands and r a r e l y  

among the medium and dark bands.

The n i n e  d i f f e r e n t  bands o b t a i n e d  from the 

35 c l o n e s  s t u d i e d  were used f o r  I d e n t i f i c a t i o n  on 

the b a s i s  o f  the v a r i o u s  band com b in a t i o ns  which 

appeared  in these  c l o n e s .  The anodal  p e r o x id a s e  

bands a lone  were s u f f i c i e n t  f o r  complete  

i d e n t i f i c a t i o n  o f  the 12 commerc i a l  c l o n e s .  

I d e n t i f i c a t i o n  was done by f i r s t  c o n s i d e r i n g  c l on es
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w i t h  d i s t i n c t l y  d i f f e r e n t  banding p a t t e r n s .  Th i s  

was f o l l o w e d  by l o o k i n g  fo r  d i f f e r e n c e s  In number 

and i n t e n s i t y  o f  bands ,  e s p e c i a l l y  t hose  In zone 

A | | • among the o t h e r  c l o n e s .  I t  was a l s o  p o s s i b l e  

to c o n s i d e r  f i r s t  c l o n e s  which had s i m i l a r i t i e s  and 

then l a t e r  f i n d  what bands cou ld  be used to 

d i f f e r e n t i a t e  them. f o r  example the dark a^ band
a

was common among c l o n e s  5 8 . 197. 219, 21*6, 618 1 889 

and <*331 ( f i g u r e  t  and T a b l e  I ) .  C lones  99,  107,

2 5 2  and 7 2 9 bad a medium a. band w h i l e  o n l y  c l on e  

1013 had a l i g h t  a 2 band.  Thus ,  c l o n e  1013 is  

d i f f e r e n t  from a l l  the o t h e r  c l o n e s  and a l s o  the 

c l o n e s  w i t h  the dark a^ band can be d i s t i n g u i s h e d  

from those  w i th  the medium band.  f u r t h e r  

d i f f e r e n t i a t i o n  I s  then a c h i e v e d  by s i m i l a r l y  

us in g  bands s ,  and a^ and bands in zone and A ( | ( .

Such d i f f e r e n t i a t i o n  as f o r  the commerc i a l  

c l o n e s  a l s o  was p o s s i b l e  f o r  the  f u l i - s i b s  and the 

J a p an e se  c l o n e s .  An i n t e r e s t i n g  o b s e r v a t i o n  on 

the c l o n e s  o f  J a p an e se  o r i g i n  was that  t h e i r  type 

o f  band ing  p a t t e r n s  d id  not d i f f e r  from th a t  of 

the Kenyan c l o n e s .  T h e i r  bands were d i s t r i b u t e d  

o v e r  the same m i g r a t i o n  zones as those  o f  the 

Kenyan c l o n e s .  Th is  may be taken as an I n d i c a t i o n  

t h a t  the p o p u l a t i o n s  from wh i ch  the Kenyan and 

J a p a n e s e c l o n e s  have been s e l e c t e d  might  have had a



, common g e n e t i c  s o u r c e .  I t  was a l s o  no ted  th a t  no 

band c o n s i d e r i n g  d i f f e r e n c e s  In I n t e n s i t y  

o cc u r ed  wh i ch  was common to  a l l  t he  35 c l o n e s  

s t u d i e d .  Th is  was In c o n t r a s t  to the e l e c t r o p h o r e t i c  

f i n d i n g s  In the I den 1 1 f I c a 1 1 on of  p o t a to es  

(Desborough and P c l o q u l n ,  1968) ,  peanut s  ( C h e r r y

and O r y ,  1973) .  wheat  (Henke e_t a K  . 1 973) and

s a f f l o w e r  ( B a s s i r i ,  1977)- Th i s  h igh  degree  of  

po l ymorph i sm in p e r o x id a s e  I sozyme* of  py re th rum 

s u p p o r t s  a r epo r t  by P a r l e v l l e t  (19 7 ̂ *) showing the 

e x i s t e n c e  of  a c o n s i d e r a b l e  g e n e t i c  v a r i a t i o n  in the 

Kenyan p y r e th r y m  p o p u l a t i o n .  The obser ved monomorphlc 

n a t u r e  of  a c i d  phospha tase  bands ,  however ,  

c o n t r a d i c t s  t h i s  f i n d i n g .  Th is  cou ld  be due to the 

d i f f e r e n t  b i o c h e m i c a l  r o l e s  In the p l a n t  p l a y e d  by 

each o f  the enzymes.

I n c l u d e d  In the commerc i a l  c l o n e s  were two 

t r i p l o l d *  (107 and 1889) .  T h c l r  banding p a t t e r n s  

were s i m i l a r  to  those  o f  the d i p l o i d * .  Th is  

o b s e r v a t i o n  sugges ted  t h a t  t h e i r  I n c r e a se d  

chromosome number d>d not  have « co r r e s p o n d i n g  

p e r o x id a s e  Isozyme e f f e c t .  S i m i l a r  o b s e r v a t i o n *  

were made by Q u i ro s  (1980)  on a l f a l f a  c l o n e s .  The 

t h r ee  h e j i a p l o i d *  he used In h i s  s t u d i e s  on 

i d e n t i f i c a t i o n  had s i m i l a r  p a t t e r n s  to  those  o f  

the 18 t e t r a p l o i d s  in t h r e e  en 2yme systems s t u d i e d  

( p e r o x i d a s e ,  a c i d  phospha tase  and l e u c i n e
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a m i n o p e p t ! d a s e ) . T r l p l o l d  py r e th ru m  c l o n e s  have 

a d i s t i n g u i s h i n g  f e a t u r e  In t h e i r  l a r g e  f l o w e r  

s i z e  compared w i t h  tho d i p l o i d s .

5 . 3  D i s t i n g u i s h i n g  between c l o s e l y  r e l a t e d  c l o n e s .

An Imp or t an t  p a r t  o f  t h i s  s t u d y  was to 

d e t e rm i n e  the p o s s i b i l i t y  o f  us ing  e l e c t r o p h o r e s i s  

t o  e s t a b l i s h  d i f f e r e n c e s  between c l o s e l y  r e l a t e d  

p y r e th r u m  c l o n e s .  The p e r o x id a s e  enzyme system 

f o i l e d  to  d i s t i n g u i s h  e f f e c t i v e l y  between  the 12 

f u l l - s l b s  used In the s t u d y .  Two o f  them (F$ .̂ and 

FS^)  c o u l d  not  be d i s t i n g u i s h e d  from each  o ther  and 

o t h e r  c l o n e s  had c l o s e  s i m i l a r i t i e s  For  rr/imple 

FS^ d i f f e r e d  from FS^ and FS^ o n l y  by the ca thoda l  

band c^ ( . F igure T a b l e  I and P l a t e  3)  and F S  ̂ and 

FSg d i f f e r e d  o n l y  by t h e i r  a,. and a^ bands.  However ,  

most o f  the c l o n e s  hod unique  band ing  p a t t e r n s .

•When the two p a r e n t s  were a l s o  co ns id e r e d ,

F$ | h a d  s i m i l a r  bands to  those  o f  7 ̂  3 • Only t h i s  

f u l l - s i b  was w i t h o u t  zone A ( ( j band s .  Tho others  

r esemb led  c l o n e  73 c l o s e l y  In th a t  t hey  posessed 

th es e  bands.  A l t ho ug h  none o f  the p a r e n t s  had band 

0 ^, s i x  o f  t he  f u l l - s i b s  d i d ,  $ I mi l-r  obse rv«t  I on 5 

were  mado about  and bands.  The parent  c l on es  

had da rk  a., bands but two o f  the p r o g e n i e s  (FS.  andi  ' '  • 4 J : .  . - • «.
FSg)  had l i g h t  bands ond
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b*nd at t h a t  p o s i t i o n .  I t  was a l s o  obser ved  th a t  

bands a^ and a^ were m i s s i n g  In F S } and FSg.  F S j 

a l s o  l a cked  band Cj- A l l  t hese  bands were  p r e s e n t  

In the two p a r e n t s .

A s tudy  I n v o l v i n g  s e v e r a l  p a i r s  of  p a re n t  

c l o n e s  and t h e i r  p r o g e n i e s  cou ld  l ead  to  a 

c o n c l u s i o n  on the I n h e r i t a n c e  o f _ t h e s e  i sozymes.

I t  was g e n e r a l l y  o b se r ve d  t h a t  t h e r e  was a wide  

v a r i a t i o n  in number and i n t e n s i t y  o f  t hese  bands 

among the f u l l - s i b s  such t h a t  some had c l o s e  

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

The v a r i a t i o n  was In agreement  w i t h  o b s e r v a t i o n s  

made by M i l l e r  ejt £j_. (1 97 2 ) .  They used the

e l e c t r o p h o r e t i c  t e c h n i q u e  to  i d e n t i f y  a l f a l f a  

h y b r i d s  from c r o s s e s  and found th a t  c r o s s e s  between 

c u l t  I v* r s w i t h  the A p r o t e i n  and c u l t l v a r ?  w i t h  the 

6 p r o t e i n  produced seeds t h a t  c o n t a i n e d  both 

p r o t e i n s  but at  r educed c o n c e n t r a t i o n s .  They a l s o  

ob se r ve d  a wide v a r i a t i o n  in number and d e n s i t y  o f  

bands.  T h e i r  data  i n d i c a t e d  t h a t  the p r o t e i n s  were 

c o n t r o l l e d  by a p a i r  o f  codominant  genes a t  a t i n g l e  

l o c u s .  Th i s  was a l s o  in a c co rd an c e  w i t h  the r e s u l t s  

of  Brown and A l l a r d  C * 969) on the  I n h e r i t a n c e  of  

isozyme d i f f e r e n c e s  among the I nb red  p a r e n t s  o f  a 

r e c i p r o c a l  r e c u r r e n t  s e l e c t i o n  p o p u l a t i o n  of  maize.  

They demonst r a t ed  t h a t  each of  f i v e  enzyme systems
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( . a l cohol  deh yd r ogenase ,  c a t h o d a l  e s t e r a s e ,  anoda l

e s t e r a s e ,  phospha tase  and p e r o x i d a s e ) - was goyerned

by codominant  a l l e l e s  at a s i n g l e  Locus .  F u r t h e r ,

Henke e t  a I . Cl 973) r e p o r t e d  f i n d i n g s  wh i cn showed

t h a t  i sozymes a re  g e n e r a l l y  I n h e r i t e d  as major  genes

In Mende l i an  f a s h i o n .

The o b se r ve d  banding p a t t e r n s  of  t h e  12

f u l l - s l b s  cannot  be used to draw a c o n c l u s i o n  on the

i n h e r i t a n c e  o f  t he  p e r o x i d a s e  i sozymes In

p y re th ru m.  On the obs e r v ed  s i m i l a r i t i e s  between

some of  the f u i ) ~ s l b  c l o n e s ,  i t  ap p e a r s  t h a t  some 
•' ii

d i f f i c u l t i e s  c o u l d  a r i s e  us in g  p e r o x i d a s e  to

d i s t i n g u i s h  between c l o s e l y  r e l a t e d  c l o n e s .  These

cas es  o f  i d e n t i c a l  c l o n e s  a r e ,  ho weve r ,  not expec ted

to be f r e q u e n t  c o n s i d e r i n g  th a t  many of  the f u l l - s i b s

in t h i s  exper iment  were i n d i v i d u a l l y  c h a r a c t e r I  s o d .

5.*» E n v i r o n m e n t a l  i n f l u e n c e  on p e r o x i d a s e .

In s e p e r a t e  ex p e r im en t s  to  d e t e r m i n e  the 

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

I sozymes,  the e f f e c t  o f  i n s e c t  pes t  i n f e s t a t i o n  

( t h r i p s  and s p i d e r  m i t e s ) ,  m i n e r a l  n u t r i t i o n  and 

c l i m a t e  were s t u d i e d .

5 . i » . l  I n s e c t  pes t  e f f e c t .

Ex a m in a t i o n  of  the r e s u l t s  o f  the I n s e c t
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I n f e s t a t i o n  exper iment  r e v e a l e d  tha t  the anoda l  

bands were not a f f e c t e d  but the c a t ho d a l  bands 

were marked l y  a f f e c t e d  by I n s e c t s  ( F i g u r e  5 and 

P l a t e  5) *  Four  out o f  f i v e  c l o n e s  showed an 

I n c r e a s e d  i n t e n s i t y  In band C2 a f t e r  a t t a c k .  There 

was no e f f e c t  on the bands of  d o n e  252 . Th i s  

c l o n e  seemed to  show some r e s i s t a n c e  to these  p es t s  

as i t  was o n l y  s l i g h t l y  a t t a c k e d  w h i l e  the o t h e r s  

had a heavy  I n f e s t a t i o n .  The obser ved  i n c r e a s e  In 

s t a i n i n g  I n t e n s i t y  o f  band c^ o f  the o t h e r  c l o n e s  

was an I n d i c a t i o n  0 ' a l t e r e d  a c t i v i t y  of  the 

p e r o x id a s e  i sozymes.  The e f f e c t  of  the i n j e c t  pes t s  

and hence the b i o c h e m i c a l  changes ( d i s e a s e  symptom 

deve lopment )  the I sozymes underwent  I s  not an 

i s o l a t e d  o b s e r v a t i o n .  Many worker s  have r e p o r t e d  

s t u d i e s  c o n c e r n i n g  p e r o x id a s e s  and how they  have 

been l i n k e d  w i t h  d i s e a s e s  In c r o p s .  J ohnson and 

Cunningham (1972)  showed In wheat  th a t  i n o c u l a t e d  

l e a f  rus t  r e s i s t a n t  l i n e s  had h i g h e r  p e r o x id a s e  

than the h e a l t h y  c o n t r o l s  n i n e  days a f t e r  I n o c u l a t i o n .  

O k l r o r  ££ a 1. (1982)  showed th a t  In beans a n th r a c n o s c  

i n o c u l a t i o n  Induced q u a l i t a t i v e  and q u a n t i t a t i v e  

changes in p e r o x id a se  I sozymes.  These changes did 

not a f f e c t  a l l  I sozymes e q u a l l y ,  showing t h a t  not 

a l l  i sozymes are i n v o l v e d  in d i s e a s e  deve lopment .

Th i s  a l s o  ag ree s  w i t h  the p r e s e n t  f i n d i n g  t h a t  o n l y
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c a t ho d a l  i sozymes are  i n f l u e n c e d  by the pes t  a t t a c k .  

Whether  the changes obs e r v ed  in the c a t ho d a l  

p e r o x id a s e  i sozymes in py re th rum were due to  i n j u r y  

or  d i s e a s e  deve lopment  as a r e s u l t  o f  the pest  

a t t a c k ,  i s  not known. Shannon (1969)  has r e c o rd ed  

f i n d i n g *  in sweet p o t a t o es  where s i m i l a r  changes  in 

p e r o x id a s e  isozymes were o b t a i n e d  by wounding and
e

by I n o c u l a t i o n  w i t h  the B l a c k  rot  fungus ,

C c r a t o c y s t 1s f i m b r i a t e . The change in c a th o d a l  

p e r o x id a s e  bands as a r e s u l t  o f  i n s e c t  I n f e s t a t i o n  

Sugges ts  t h a t  t hese  bands may not be u s e f u l  as 

markers  f o r  i d e n t i f i c a t i o n .  For  the  ca t ho da l  bands 

to  be r e l i a b l y  used as marker *  f o r  I d e n t i f i c a t i o n ,  

they  should  be c o n s i s t e n t  under a p a r t i c u l a r  

e n v i r o nm e nt .  Th is  can o n l y  be a c h i ev ed  through 

p rope r  c o n t r o l  o f  the p e s t s  and t h i s  can be 

d i f f i c u l t  under f i e l d  c o n d i t i o n s .  Whenever  p rope r  

c o n t r o l  o f  t hese  i n s e c t s  I s  p o s s i b l e ,  the c a th o d a l  

bands can be used in a d d i t i o n  to the anodal  bands 

f o r  i dent i f 1 ca 11 o n .

5-i*.2 E f f e c t  o f  s o i l  d i f f e r e n c e s .

In the  exper iment  w i t h  d i f f e r e n t  s o i l  

c o m p o s i t i o n s ,  I t  was found th a t  the d i f f e r e n t  s o i l  

t ypes  used d id  not have any e f f e c t  on the 

p e r o x id a se  Isozymes ( F i g u r e  6 ) .  Th i s  was u n l i k e  the 

r e s u l t s  o b t a i n e d  by W i l k i n s o n  and Beard (1972)  in
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Kentucky  B lue  g rass  where they  noted  the Impor tance 

o f  un i fo r m  m i n e r a l  n u t r i t i o n  f o r  a l l  e x p e r i m e n t a l  

m a t e r i a l .  M i n e r a l  n u t r i t i o n  may then have d i f f e r e n t  

e f f e c t s  on d i f f e r e n t  c ro p s .  In p y re th ru m,  I t  seems 

t h a t  p e r o x id a s e  I sozymes can be used as g e n e t i c  

markers  f o r  i d e n t i f i c a t i o n  I r r e s p e c t i v e  o f  s o i l  

c o m p o s . t i o n .  T h i s  I t  p a r t i c u l a r l y  so f o r  the s o i l s  

s t u d l e d .

5 . ^ . 3  D i f f e r e n c e s  In growth c o n d i t i o n s .

The Isozyme p a t t e r n s  of  the t w e l v e  commerc ia l  

c l o n e s  grown at Mo I o  d i f f e r e d  s i g n i f i c a n t l y  from 

those  of  t h e i r  r e p l i c a t e s  grown f o r  the exper iment  

In the g l a s s  house ( F i g u r e  7 ) .  None o f  them had 

the same band ing  p a t t e r n s  as t h e i r  r e p l i c a t e s  grown 

In the g l a s s  house.  Two c l o n e s ,  58 and 197, were 

i n d i s t i n g u i s h a b l e  by t h e i r  anode!  bands.  Clones 

219  and 2 k6 had s i m i l a r  enoda l  bands but d i f f e r e d  

by t h e i r  c a t h o d a l  band*.  C lones  99, 107, 618 and 

1013 e*ch had new bands In zone A |# There were no 

changes in a2 bands of  c l o n e s  2 5 2 , 2*331 and 6729 

but o t h e r  bands d i f f e r e d .  The o t h e r  c l o n e s  had 

v a r i o u s  band com b in a t i o ns  wh i ch  a l s o  d i f f e r e d  from 

those  of  t h e i r  g l a s s  house r e p l i c a t e s .  Such 

d i f f e r e n c e s  In Isozyme p a t t e r n s  between the p l a n t s  

o f  the same genotype grown at  d i f f e r e n t  l o c a t i o n s
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have been r e p o r t e d  by o t h e r  wo rk e r s .  W i l k i n s o n  and 

Beard 0 9 7 2 }  no ted  the impor tance o f  growing  e x p e r i ­

menta l  m a t e r i a l  o f  Kentucky  b lue  g rass  ( Poa  p r a t e n s I s ) 

under  un i f o r m  m o i s t u r e ,  t e m p e r a tu r e ,  l i g h t  and 

m i n e r a l  n u t r i t i o n  p r i o r  to  l e a f  s amp l ing .  McCown 

e_t a K  (1969)  had e a r l i e r  obser ved  prominent  changes 

In p e r o x i d a s e  i sozymes,  w h i l e  s t ud y i ng  e f f e c t s  of  

e n v i r o n m e n t a l  changes on 10 enzyme systems in 

01a n t h u s . The h a rd y  c u l t i v a r s  deve loped  a d d i t i o n a l  

bands under  w i n t e r  c o n d i t i o n s .  Henke aj^. (1973) 

compared the e s t e r a s e  I sozymes of  t h r e e  wheat  

v a r i e t i e s  grown at  two l o c a t i o n s  and got r e s u l t s  

whi ch we r e  no t  s i g n i f i c a n t ! y  d i f f e r e n t  end t hey 
co u l d  not  be a t t r i b u t e d  to  en v i r o n m e n t a l  e f f e c t s .

But  the y  recommended e x a m in a t i o n  o f  more v a r i e t i e s
s

and e n v i r o n m e n t s .

In p y re th ru m,  the p e r o x id a s e  isozymes 

underwent  q u a l i t a t i v e  and q u a n t i t a t i v e  changes when 

grown under  g l a s s  house c o n d i t i o n s .  I t  was howeve r ,  

ob se r ved  t h a t  a l l  tho c l o n e s  cou ld  I n d i v i d u a l l y  be 

d i s t i n g u i s h e d  under g l a s s  houso and f i e l d  c o n d i t i o n s .  

T h i s  o b s e r v a t i o n  was a l s o  In agreement w i t h  r e s u l t s  

o b t a i n e d  by Loeschcke  and Stegemann ( I 966) showing 

t h a t  when e c o l o g i c a l  f a c t o r s  a f f e c t e d  e l e c t r o p h o r e t i c  

p a t t e r n s ,  the band ing  p a t t e r n  f o r  each c w l t l v c r  was 

un ique  under a g i v en  se t  of  c o n d i t i o n * .  The ex ten t
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to  wh i ch  an i n d I y 1duaI  c l o n e  I s  a f f e c t e d  by change 

in c l i m a t e  t h e r e f o r e  depends on the g e n e t i c  make-up 

o f  that  c l o n e .  A l t e r a t i o n  of  the e x p r e s s i o n  of  

band ing  p a t t e r n s  can be s a i d  to  r e s u l t  f rom changes 

in e x p r e s s i o n  of  a l l e l e s  c o n t r o l l i n g  each of  the 

bands .  Hav ing  no ted  the e f f e c t  o f  t h r i p s  and s p i d e r  

m i t es  on c a t h o d a l  bands ,  t hese  I n s e c t s  might  have 

c o n t r i b u t e d  to  the a l t e r a t i o n  of  the c a t h o d a l  bands 

o b t a i n e d  in t h i s  ex p e r i m en t .  S o i l  e f f e c t  can be 

d i s c o u n t e d  In t h i s  exper iment  on the grounds tha t  

both the g l a s s  house and Mo Io p l a n t s  grew on s i m i l a r  

s o i l s  ano the exper imen t  w i t h  s o i l s  o f  d i f f e r e n t  

compos I 1 1 on 5 has shown t h a t  I t  has no e f f e c t .

I t  seems t h e r e f o r e  t h a t  in p y r e th rgm ,  t em per a tu re  

I s  a more impor t an t  f a c t o r  a f f e c t i n g  p e r o x id a s e  

i sozymes .  Th is  I s  supp or t ed  by the o b s e r v a t i o n  

that  In the g l a s s  house a l l  p l a n t s  had a h e a l t h y  

growth but none o f  them f l o w e r e d .  I t  I s  known th a t  

ch I  1 I •ng c o n d i t i o n s ,  whi ch were not met In g l a s s  

nouse c o n d i t i o n s ,  are n e c e s s a r y  f o r  f l o w e r  i n i t i a t i o n  

( C l o v e r ,  I S 5 5 ) ,

5•5 Cone I us i o n .

The method p r e s e n te d  here f o r  I d e n t i f i c a t i o n  

of  pyre thrura  I s  not  l i m i t e d  to  the t w e l v e  commerc i a l  

c l o n e s  but i t  can be used f o r  a d d i t i o n a l  c l o n e s



73

which  may have s i m i l a r  or  unique p a t t e r n s  of  

p e r o x id a s e  I sozymes .  Whether  the c l o ne s  b e in g  

i d e n t i f i e d  have some s i m i l a r i t i e s  or  a rc  d i s t i n c t l y  

d i f f e r e n t  depends to some e x t e n t  on the p a r en tag e  

of  t hese c l o n e s .  D i f f e r e n c e s  between c l o n e s  which 

have a common p a r e n t  may be d i f f i c u l t  to e s t a b l i s h  

but the probl em o f  i d e n t i f i c a t i o n  car  be s o l v e d  

c o n s i d e r a b l y  by runn ing  two or t h r ee  samples of  

each c l o n e  s i m u l t a n e o u s l y  on the same g e l .  Th is  

p ro ced ur e  f a c i l i t a t e s  the v i s u a l  s c o r i n g  of 

s t a i n i n g  i n t e n s i t y  o f  i n d i v i d u a l  bands of  the c l o n e s .  

In c a s t  the e l e c t r o p h o r e t i c  t e c hn iq ue  f a l l s  to 

d l f f e r e n t i a r c  between any p a i r  of  c l o n e s ,  c o n v e n t i o ­

na l  " e t h o d s  f o r  i d e n t i f i c a t i o n  can pe employed as 

a supp lement .  D i f f e r e n c e s  in p y r c t h r l n s  conten t  can 

be used f i r s t  whenever  the p l a n t s  a r e  in f l ow e r  anc 

when the p l a n t s  to  be d i s t i n g u i s h e d  a r c  s us p ec te d  to 

have l a r g e  d i f f e r e n c e s  In t h e i r  p y r e t h r l n s  c o n t e n t .

In t r e  absence o f  f l o w e r s ,  d i f f e r e n c e s  in c rudr  

p r o t e i n  conten t  of  l e a v e s  o b t a i n e d  by the K j e l a a n l  

method can oe used.

The l a r g e  number of  p o l y m o rp h i c  p e r o x id a s e  

bands obser ved  makes py re th rum p a r t i c u l a r l y  

s u i t a b l e  f o r  s t u d i e s  on I t s  g e n e t i c s  and 

p h y s i o l o g i c a l  v a r i a t i o n s  as r e f l e c t e d  in these  

bands.  The p e r o x id a s e  bands can be used to



measure the v a r i a t i o n  p r e s e n t  In s y n t h e t i c  or 

h y b r i d  py re th rum p o p u l a t i o n s  be ing  grown 

c o m m e r c i a l l y  and a l s o  f o r  c l o n a l  s e l e c t i o n .  I t  has 

a l r e a d y  been obser ved  th a t  the f u l l - s i b  p o p u l a t i o n  

used In t h i s  s tudy was q u i t e  v a r i a b l e .

On i d e n t i f i c a t i o n ,  an impor t an t  s t ep  has 

been r each ed .  Where the i d e n t i t y  of  c l o n e s  i s  

d o u b t f u l ,  p e r o x id a s e  Isozyme p a t t e r n s  o f f e r  a 

r e l i a b l e  and qu i ck  method as the e l e c t r o p h o r e t i c  

t e c h n i q u e  g i v e s  r e s u l t s  in l e s s  than e i g h t  hours .  

W i t h  the deve lopment  of  the t i s s u e  c u l t u r e  

t e c hn iq ue  fo r  r ap id  m u l t i p l i c a t i o n  of  py re th rum 

c l o n e s ,  enzyme e l e c t r o p h o r e s i s  w i l l  be a h«ndy a id  

in ch ec k i n g  the g e n o t y p i c  p u r i t y  of  the c l o n e s  

be ing  m u l t i p l i e d .  S i m i l a r l y ,  e 1e c t r o p h o r e s i s  w i l l  

be u s e f u l  in muta t i on  b r e e d i n g  programmes in 

py re th rum r e s e a r c h .

Summar i s i ng ,  a s i m p l e ,  r e l i a b l e  and Quick 

method f o r  i d e n t i f i c a t i o n  of  pyre thrum c l o n e s  h a s  

been dev e loped .  Tnc te chn i q ue, c 1 e c t r oph o re s » 5 

o f  p e r o x id a s e  i sozymes I r. mature green l e a f  t i s s u e ,  

c a n  b e  used e f f e c t i v e l y  to  d i f f e r e n t i a t e  the 

p r ese n t  12 K e n y a n  p y r e t h r u m  c o m m e r c i a l  c l o n e s .  

C o n s i d e r i n g  the po l ymorph i c  n a t u r e  of  these  

p e r o x i d a s e  bands ,  the t e c h n i q u e  co u l d  be used to  

d i s t i n g u i s h  b e t w e e n  a l a rg e  n u m b e r  o f  f u t u r e  c lo ne s



7$

even i f  t hey a r e  c l o s e l y  r e l a t e d .  I t  w i l l  a l s o  
be p o s s i b l e  t o  c a r r y  out  f u r t h e r  r e s e a r c h  in 
pyr e t h r ur a  wi t h  t he  h e l p  o f  I t s  e l e c t r o p h o r e t i c  
I sozymes ,
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Append !*  1: P y re t h ru m p r o d u c t i o n  from 1935 to
1981 In m e t r i c  tons of  dry f l o w e r s .

P e r i o d f 1 owe r 
p r o d u c t 1 on

Pe r 1od f 1 owe r 
p r o d u c t i o n

1936/35 327 1958/59 6912
1935/36 1095 1959/60 6606
1936/37 1005 1960/61 9312
1937/38 • 1896 1961/62 1093 1
1938/39 2915 1962/63 851 1
19 39/1*0 5956 1963/66 5269
1960/61 5856 1966/65 6256
1961/62 5557 1965/66 7876
1962/63 6173 1966/67 10698
19*3/6* 6652 1967/68 11237
l96*/65 752 8 1968/69 7623
1965/66 6868 1969/70 6005
1966/1*7 3970 1970/71 9768
1967/68 1 5 62 1971/72 1661 6

1968/69 1561 1972/73 10698
1969/50 2211 1973/76 13 72 2
1950/51 2266 1976/75 15036
1951/52 2781 1975/76 16267
1952/53 2356 1976/77 1 I62B
1953/56 2591 1977/76 8*37
1956/55 3527 1978/79 7650
1955/56 3677 1979/80 1062 3
1956/57 3933 1 98O/0 1 15/02
1957/58 6596

S o u r c e :  P y r e t h r um  Board o f  Kenya
p r o d u c t i o n  f i g u r e s .
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Appendix l i t  Y e a r l y  pyre thruro  p r o du c t i o n  in m e t r i c  tons  of  
dry f l o w e r s  and t h e i r  co r r e s p o n d i n g  
p roduce r  p r i c e s  from 15 6 5 to 1981,

P e r i o d f l o w e r  p r o d u c t i o n P roduce r p r i c e  
Ksh ./Kq of  P y re th rum

1966/65 6256 m  368
1965/66 7876 623
1966/67 10698 611
1967/68 11237 375
1968/69 7623 311
1969/70 6005 333
1970/ 71 9768 375
1971/72 16616 379
1972/73 10698 **08
1973/71* 1 3722 63O

* 1 9 76/75 1 5036 6 72
1975/76 16267 530
1976/77 1 1628 63O
1977/78 8697 905
1970/79 7650 • 200
1 979/eO 1 0 *• 2 3 1200
1980/81 1 5702 1200

S o u r c e ;  P y r e t h r y m  Board o f  Kenya p r o d u c t i o n  
f i g u r e s .


