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We c e r t i f y  that we have read  this th es is  and that in 

our opin ion it is  s a t i s fa c t o r y  in s co p e  and quality as a 

thes is  f o r  the d e g r e e  of  M a s te r  o f  S c ie n c e  in H ort i cu l tu re .
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INTRODUCTION

The u se  of  ge l  e l e c t r o p h o r e s i s  to separate  m ult ip le  m o l e c u l a r  

f o r m s  o f  e n z y m e s ,  t e r m e d  " i s o z y m e s "  by M a r k e r t  and M i l l e r  (1959) 

p r o d u ce  a wide  v a r ie ty  o f  band patterns  in h igher  plants (Shannon 

1968). T h e s e  band patterns,  known as z y m o g r a m s  (Hunter and 

M a r k e r t  1957) a re  thought to be  p rodu cts  of  gene  seg re g a t io n  in a 

M ende l ian  f o r m .

T h e r e  has been  ex tens ive  use o f  z y m o g r a m s  to study e n zy m at ic  

act iv ity  during the d e ve lo p m e n t  o f  p lants .  T h e s e  va r io u s  ontogenetic  

stages  exhibit  d i f f e ren t  z y m o g r a m s ,  which  in v e s t iga to rs  b e l i e v e  a r e  

due to genet ic  d e r e p r e s s i o n  o r  act ivat ion  of synthes is  during d e v e l o p 

m e n t  (Scanda l ios  1969). T h e se  m a y  be a s s o c ia t e d  with p h y s io lo g i ca l  

changes  during m aturat ion  (R acu sen  and F o o t e  1966; S iege l  and 

Galston  1967; Makinen 1968).

Only within the past eight y e a r s  have ad va ncem en ts  in e l e c t r o 

p h o re t i c  and h i s t o c h e m ic a l  techniques  m a d e  p o s s ib l e  deta i led  studies  

on s p e c i f i c  g e n e ra  of  p lants .  I s o z y m i c  re so lu t io n  is p re se n t ly  so  

re f in ed  that the a b s e n c e  of  one a m o n o  a c i d  in an e n z y m e  can be 

de tected  ( Ingram  1957).

In M usa,  s y s te m a t i c  in v es t iga tors  have been  l im i te d  somewhat ,  

due to  the w ide  var ia t ion  in d iagnost ic  c h a r a c t e r s  used  in ta x o n o m ic  

studies  and the wide range of  grow ing  condit ions  in which  these plants 

a re  found. T h e r e  is m u ch  added con fus ion  b e c a u s e  o f  the synonym ous  

n am es  g iven to bananas in v a r io u s  countr ies  (S im m onds  1970).



The o b je c t iv e s  of  this study w e r e  to d e te rm in e  the i s o z y m i c  

patterns  of  the p e r o x id a s e s  of  the ava i lab le  c l o n e s  of  M usa  and to 

p o s s ib ly  identi fy  s p e c i e s  s p e c i f i c  patterns .  T i s s u e  s p e c im e n s  had 

to be  e a s i ly  ava i lab le ,  uti l iz ing l o c a l ly  ava i lab le  m a t e r i a l s .  The 

p e r o x i d a s e s  w e r e  c h o s e n  b e c a u s e  they have p r o v e n  usefu l  in the past 

in o ther  s y s te m a t i c  studies .
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L I T E R A T U R E  REVIEW 

S y s te m a t i c s  o f  M usa

The banana cu lt ivars  o f  the w o r ld  a re  s o  inadequately  studied 

that it is i m p o s s i b l e  to m ak e  a gu e ss  at the n u m b e r  o f  d ist inct  c lonal  

v a r ie t i e s  in e x i s te n c e  (Shepherd 1970). The  m a jo r i t y  o f  ancient 

cu l t ivars  a r e  thought to have or ig ina ted  f r o m  cu l t ivars  o f  the wild  

M . acuminata  type (N=ll) (S im m onds  1966). T od ay  the m a jo r i t y  o f  

banana cu l t ivars  a re  thought to  be  hy br id iza t ions  o f  a cu m in a ta x 

M.  ba lb is iana  (S im m on d s  1962; S im m ond s  1966; Shepherd  1970).  In 

New Guinea, s o m e  s p e c i f i c  c l o n e s  a r e  thought to  be  h ybr ids  o f  M. 

acum inata  x s c h i z o c a r p a  (Shepherd 1970).

The f i r s t  attempt to c l a s s i f y  edible  bananas was m ad e  in 1955 

by S im m on d s  and Shepherd (S im m onds  1962). F i r s t ,  g e n e ra l  s e c t io n s  

w e r e  es tab l ish ed ,  (Appendix  1). The  bananas of  the E um usa  se c t io n  

w e r e  further  c l a s s i f i e d  by a point s y s te m .  This  s y s te m  gave point 

va lues ,  one to f ive ,  f o r  s p e c i f i c  c h a r a c t e r i s t i c s  o f  the plant;  l o w e r  

points tending tow ard  acuminata  and h igher  toward  M .  ba lb is iana  

type plants ,  (Appendix  2) .  When all  o b s e r v a t io n s  w e r e  m ad e ,  the 

s c o r e s  w e r e  totaled .  Point  va lues  15-23  r e p r e s e n t e d  M. acum inata  

type cu l t ivars  and 26 points or  m o r e  r e p r e s e n t e d  h ybr ids  of  M .  

acum inata  x  b a lb i s ia n a . This  sys te m  is stil l  u t i l ized  today but 

the a c c u r a c y  of  this m ethod  m ay  be va l id ly  quest ioned .

I s o z y m es

Gel e l e c t r o p h o r e s i s ,  f i r s t  d e s c r i b e d  by Sm ith ies  (1955), 

p r o v id e s  a s im p le  m ethod  f o r  the detect ion  o f  minute prote in  

d i f f e r e n c e s  f r o m  a r e la t ive ly  sm a l l  quantity of  c ru d e  ex trac t .
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Starch  gel was  the m e d iu m  used  fo r  his pro te in  sepa ra t ion s ,  obtaining 

s u p e r io r  r e so lu t io n  to p re v io u s  m ethods  due to the " m o l e c u l a r  s ieving 

e f f e c t "  that the s ta rch  a f fo rd ed .  With this technique,  pro te in s  are  

separa ted  on the b a s i s  o f  the ir  net ch a rg e ;  a s ingle  am in o  group  

substitut ion w i l l  change the m o b i l i t y  of  the p ro te in  and can be 

d e tected  ( Ingram  1957).

Hunter and M a r k e r t  (19 57) introduced  a m e th o d  fo r  staining 

s p e c i f i c  p r o te in s .  T h e s e  h is t o c h e m ic a l  m e th o d s  have been  expanded 

and p resent ly  a l a r g e  num ber  o f  s p e c i f i c  pro te in s  m a y  be i so la ted .  

A long  with the ir  introduct ion  of  h i s t o c h e m ic a l  de tect ion  of  p ro te ins ,  

Hunter and M a r k e r t  (1957) p r o p o s e d  the t e r m  " z y m o g r a m "  to 

d e s c r i b e  the v i s i b l e  patterns  p r o d u ce d  after  staining f o r  s p e c i f i c  

p ro te in s .  T h e s e  z y m o g r a m s  a r e  v e r y  s p e c i f i c  and a re  s o m e t i m e s  

d e s c r i b e d  as the " f i n g e r p r i n t s "  o f  a p a r t i cu la r  m a t e r i a l .

M a r k e r t  and M i l l e r  (1959)  p r o p o s e d  the t e r m  " i s o z y m e "  to 

d e s c r i b e  the m ult ip le  m o l e c u l a r  f o r m s  o f  e n zy m e s  that appear  after  

staining the s ta rch  g e l s .  T h e y  th e o r ize d  that e n z y m e s  ex is t  in 

d i f ferent  m o l e c u l a r  f o r m s  which  d isp lay  high e n zy m e  s p e c i f i c i ty .  

P e r o x i d a s e s  w e r e  thought to  have over lapp ing  substrate  s p e c i f i c i ty .  

This  s p e c i f i c i ty  was  thought to be  the resu l t  of  each  en zy m e  being 

attributed  to a s ingle  gene,  with the d i f f e r e n c e s  attributed to the 

genes  p o s s e s s e d  o r ,  a lternate  f o r m s  o f  a gene that m a y  p ro d u ce  a 

som ew hat  d i f fe rent  c o n s te l la t ion  of i s o z y m e s ,  each  s p e c i e s  having 

a uniquely c h a r a c t e r i s t i c  gene f o r  synthes is  of  a p a r t i cu la r  e n zy m e .

Stable m e d ia  with high r e s o lv in g  pow er  f o r  use in e l e c t r o 

p h o r e s i s  has long been  sought.  With the advent of  p o lm e r iz a t io n
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m e th o d o lo gy ,  p o l y a c r y la m id e  (Cyanogum) gel  has r e c e n t ly  been  

in troduced  (R aym ond  and Wientraub 1959).  The  ge l  can be  used  in 

e ither  v e r t i c a l  o r  hor izonta l  ge l  apparatus and p r o v id e s  high 

r e s o lv in g  p o w e r  as  w e l l  as a m o l e c u l a r  s iev ing  e f fe c t .  S ince  the 

introduct ion  o f  p o ly a c r y la m id e  gel,  there  have been  m any  individual  

s y s te m s  and techniques  e m p lo y e d .  T w o  usefu l  r e v ie w s  a r e  available  

( B r e w e r  1970; Cham bach  and Rodbard  1971).

E l e c t r o p h o r e s i s  in Genet ic  Studies

Som e e a r l i e r  w o rk s  involving i s o z y m e  studies  in inherited  

e l e c t r o p h o r e t i c  var ia t ion s  w e r e  conducted  by: A l le n  ( I960) ,  using 

e s t e r a s e s  in T e t r a h y m e n a ; Schwartz  ( I960) ,  e s t e r a s e s  in M a ize ;  

T ash ian  (1961),  e s t e r a s e s  in human e r y t h r o c y t e s  and B a y e r  (1961),  

on human alkal ine phosphatase .

The init ial  d e m o n stra t io n s  of  genet ic  p o ly m o r p h is m  by 

e l e c t r o p h o r e t i c a l l y  d i f ferent  e n z y m e s  and the high f re q u e n c y  of  

de tect ion  o f  this p o lym o rp h ism  w e r e  not a p p r e c ia te d  at f i r s t .  Shaw 

(1965) s e e m s  to be the f i r s t  to take not ice  of  this high f re q u e n c y  and 

the u se fu l ln ess  of  e l e c t r o p h o r e s i s  as a tool  f o r  m a s s  s c r e e n in g  of 

e n z y m e  m u t a n t s .  H e  a l s o  s u g g e s t e d  u s in g  i s o z y m e s  a s  g e n e t i c  

m a r k e r s  f o r  studying s tructure ,  m ult ip le  substrate  s p e c i f i c i ty  and 

b i o c h e m i c a l  ana lys is  of  the en zy m e .

An inv es t iga tor  could  m ake  a rough es t im ate  o f  the p r opor t ion  

of  gen et i c  l o c i  in the population which  showed va r ia t ion  by d e term in ing  

the p r o p o r t i o n  of random ly  s e l e c t e d  en zy m es  which d isp layed  

e l e c t r o p h o r e t i c  va r ia t ion  (L e w art in  and Hubby 1966). B e f o r e  this 

m ethod  was  de\/eloped, the genet ic  s y s te m s  cou ld  not a l low  f o r  a
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r e a l i s t i c  eS ' im ate  due to the b ia s e d  way gene produ cts  c o m e  to the 

attention of  the inv es t iga tor .

E l e c t r o p h o r e s i s  in S ys te m at ic  Investigat ions

V a r io u s  ontogenet ic  s tages  in plant m a t e r ia l  show d i f ferent  

i s o z y m e s .  Th is  has led  in v e s t iga to rs  to b e l i e v e  that the d i f f e r e n c e s  

w e r e  due to a genet ic  d e r e p r e s s i o n  or  act ivat ion  o f  genes  during 

deve lop m ent  ( O c k e r s e ,  S iege l  and GalstoP 1966; S iege l  and Galston  

1967; S candal ios ,  Liu  and L o n g o  1968; Gupta and Stebbins 1969).

T h e s e  changes  in e n zy m e  s tru c tu re  m a y  be a s s o c i a t e d  with p h y s i o 

l o g i c a l  changes  which  a t i ssue  un d e rgo e s  during m atura t ion  (Bhatia 

and N i lson  1969; R o b e r t s  1969; M c C r o w n ,  B e c k  and Hall  1969).

The use  o f  z y m o g r a m s  has p r o v e d  i t se l f  in s y s te m a t i c  studies .  

M a r sh a l l  and A l la r d  (1969) found two codom inant  a l l e l e s  at each  

l o c u s  studied in Avena  barbata .  Ev idence  ind icated  that the sam e  

bands w e r e  at the s a m e  l inkage group .  C itrus  spp.  studies  (G o r e n  

and G o ld s c h m id t  1966; W a r n e r  and Upadhya 1968) showed that 

e n zy m e  d i f f e r e n c e s  w e r e  interdependent  among s p e c i e s .  Inves t igators  

ind icated  that each  Datura s p e c i e s  (10 studied) w as  i s o z y m a t i c a l l y  

d ist inct  f o r  p e r o x i d a s e s  and that no single band was  c o m m o n  to all  

s p e c i e s  (Conklin  and Smith 1971). M c C r o w n ,  B e c k  and Hall  (1969) 

d e m o n stra te d  that in the three  s p e c i e s  of  Diahthus studied, the 

winter  hardy c lo n e s  d e ve lo p e d  two to  four  new p e r o x id a s e  bands 

s e v e r a l  w e e k s  b e f o r e  reach ing  the p er iod  of hardening .  S p e c ie s  o f  

F a b a c e a e  w e r e  invest igated  and although no def in ite  c o n c lu s i o n s  f r o m  

a s y s te m a t i c  standpoint w e r e  reached ,  the u se fu l ln ess  of  i s o z y m e s  

in a s y s te m a t i c  study was  noted (Thurm an,  Bou lter ,  D e r b y s h i r e  and
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T u r n e r  1967).  P e r o x i d a s e  act iv ity  in the seed  coat  o f  G lyc ine  m a x  

was found to be  highly her i tab le .  A m on g  s im i la r  s p e c i e s  the 

p e r o x i d a s e  act iv i ty  was qual i ta t ive ly  the s a m e  but quantitatively 

d i f ferent  (Buttery  and B u z z e l l  1968). M ousta fa  (1963)  detected  

d i f ferent  p e r o x i d a s e  m o b i l i t i e s  between v a r io u s  legum inous  plants.  

Crude  e x t r a c t s  of  the ro o t  nodules  r e v e a le d  no s p e c i e s  s p e c i f i c  

p at terns .  M a i z e  i s o z y m e s  have been  studied e x tens ive ly  and 

d e term in a t ion s  o f  parent  and hybr id  z y m o g r a m s  have d e m o n stra te d  

that parenta l  i s o z y m e s  can be lo ca te d  in the hybr id  z y m o g r a m .  

(Schwartz  I960;  M cC une  1961; H am il l  and B r e w b a k e r  1969).

Nicot iana  spp. invest igat ions  have re v e a le d  c h a r a c t e r i s t i c  s p e c i e s  

patterns ,  with high d i f f e r e n c e s  in patterns between  s p e c i e s  (Hart and 

Bhatia 1967; Sheen 1969; Smith et M.  1970).  The autopo lyp lo ids  and 

a m p hid ip lo ids  o f  t o b a c c o  appear  to be  ident ica l  to the d ip lo id  parents ,  

which  suggests  that p e r o x i d a s e  i s o z y m e s  are  independent o f  p lo idy  

l e v e l .  A l s o  noted was that s o m e  s p e c i e s  f r o m  d i f ferent  subgenera ,  

but f r o m  the s a m e  area ,  d isp layed  s i m i l a r  p e r o x id a s e  bands .  Th is  

m a y  suggest  that plants c l o s e l y  re la ted  in phylogeny o r  by  g e o g ra p h ic  

iso la t ion ,  change p e r o x id a s e  genes  by mutation and s e l e c t i o n  (Sheen 

1970). W es t  and G a r b e r  (1967a,  1967b) using c ru d e  co ty led on  

ex trac ts  f r o m  germ inat ing  P h a se o lu s  se e d s ,  d e te rm in e d  that the 

h ybr ids  exhibited  the parental  i s o z y m e s .  Heinz and M ee  (1971)  used 

c lo n e s  H - 3 7 - 1 9 3 3  and H -5 0 -7 2 0 9  o f  S acch aru m  to show that 

m o r p h o l o g i c a l  and e n zy m e  patterns  w e r e  not c o r r e l a t e d  but the 

p e r o x i d a s e  patterns  did i l lustra te  a tendency tow a rd  s p e c i e s  s p e c i f i c  

pat terns .  F i f teen  e s t e r a s e s  w e r e  iso la ted  f r o m  Solanum spp. and



there  was ev idence  that this e n zy m e  was  co n t ro l l e d  by three  a l l e le s  

E^, E^ abd E^) and could  be  t r a c e d  to ce r ta in  parental  l in e s .  The 

en zy m e  was independent of  taxo n o m ic  status or  ploidy l e v e l s  

(D e s b o ro u gh  and P e loq u in  1967).  Self  pol linating T r i t i c u m  s p p . 

d isp layed  a high l e v e l  of  m ult ip le  m o l e c u l a r  i s o z y m e s ,  w hich  m a y  be 

vital f r o m  an evo lut ionary  standpoint.  The b ro a d ly  adaptable  s p e c i e s  

d isp layed  g r e a t e r  p rote in  d iv e r s i ty  than the n a r r o w  ranged  s p e c i e s  

(Sing and B r e w e r  1969).

P e r o x i d a s e  in Plants

P e r o x i d a s e  act iv ity  and function is a highly studied f ie ld  with 

m u c h  l i t e ra ture  w rit ten  on the sub ject .  Saunders ,  H o l m e s - S i e d l e  

and Stark (1964),  indicated  that p e r o x id a s e s  appear  to act  on a la rg e  

num ber  o f  substrates  and a re  invo lved  in a l a r g e  num ber  o f  growth 

funct ions  o f  the plant,  which  is  the r e a s o n  f o r  d i f f icu lty  in investigating 

the function of  p e r o x id a s e s  in a plant.  The init ial  r e a c t io n  m a y  be 

s p e c i f i c  but the p r i m a r y  oxidat ion  product  i t se l f  m a y  be able  to 

r e a c t  with other  substances  p re se n t  in the sys te m ,  which  could  not 

reac t  with the p e r o x id a s e  e n zy m e .  T h e re  is c l e a r ly  no one plant 

p e r o x id a s e ,  but m any  d i f ferent  p e r o x id a s e s  c a r r y in g  out s p e c i f i c  

re a c t io n s  by a s i m i l a r  s c h e m e .

The p e r o x id a s e  e n zy m e s  belong  to the c la s s  of  e n z y m e s  known 

as o x id o r e d u c t a s e s ,  which are  capable  of  cata lyz ing  ox idat ion -  

reduct ion  r e a c t i o n s .  P e r o x i d a s e  has the sy s te m a t i c  nam e o f  D onor :  

H^O^ o x id o r e d u c ta se  and an E n zym e  C o m m i s s i o n  N u m ber  of  

1. 11. 1 .7  (Wilk inson  1965).  P e r o x i d a s e  c a ta lyz e s  the ox idat ion  of 

com pounds  such  as lA A  (auxin), a r o m a t i c  am ines ,  l e u c o - d y e s .



a s c o r b i c  ac',d and phenols  such  as eugenol ,  f e r u l i c  and s inapic  ac ids  

which  are  substra tes  f o r  l ignin f o rm at io n .  O rg a n ic  ions using 

nydrogen  p e ro x id e  as the oxidant m a y  a l s o  be ca ta lyzed  by the 

p e r o x i d a s e s .

P e r o x i d a s e  act iv ity  has been found in m o s t  t i s s u e s  studied, 

d isp lay ing  m u c h  v a r ia t io n  am ong  plant t i s s u e s .  The ro o t  has b e e n  

d e s c r i b e d  as the organ  with the g re a te s t  p e r o x id a s e  act iv i ty  by many 

authors .  R ecen t ly  the ro o t s  o f  C itrus  s p p . w e r e  studied and again it 

was d e m o n stra te d  that the root  p o s s e s s e d  the g r e a te s t  p e r o x id a s e  

. ac t iv i ty  (C o r e n  and C o ld s c h m id t  1966). The s p e c i f i c  a r e a s  of

act iv ity  w e r e  d i s c o v e r e d  to be the root  ha ir  c e l l  in it iates  ( A v e r s  and 

C r i m m  1959).

In plant c e l l s ,  p e r o x i d a s e s  are  b e l i e v e d  to be lo ca te d  in the 

m i c r o b o d i e s .  P l e s n i c a r ,  B on ner  and Storey  (1967) found that in 

m a s c e r a t e d  mung bean, p e r o x id a s e s  w e r e  90% so lub le  with the 

r e m a in d e r  bound to the m e m b r a n e  o f  the m i c r o b o d i e s .

Van O v e r b e e k  (1935) d e m o n stra te d  that c o r n  t issue  d e s t r o y e d  

auxins by an e n zy m at ic  p r o c e s s  and that this d e s tru c t io n  was p ara l le l  

to the p e r o x i d a s e  act iv ity .  Since  that t im e ,  in d o le a c e t i c  a c id  ( lAA) 

ox id ase  has been  intense ly  studied. Ca lston ,  Bonner  and Baker  

(19 53) p r o v e d  that in peas ,  the enzym e invo lved  in lA A  oxidat ion  was 

a p e r o x i d a s e .  In fact,  c r y s ta l l in e  h o r s e r a d i s h  p e r o x id a s e  was  a l s o  

capable  of  ex id iz ing  lA A .

The r o l e  of  p e r o x id a s e  in l ign i f i ca t ion  is v e r y  interest ing  

b e c a u s e  l ignin is found in plant c e l l s  only .  S e v e r a l  e n z y m e s  have 

been im p l i ca ted  in the synthes is  of  l ignin.  S iegel  (1953, 1954, 1955)
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d e te rm in e d  that l ignin  could  be  f o r m e d  when e x c i s e d  t i s s u e  s e c t io n s  

f r o m  r e d  kidney bean seed l in gs  w e r e  incubated with eugenol  and 

thym ol  in the p r e s e n c e  o f  hydrogen  p e r o x id e .  The r e a c t i o n  was 

e f fe c te d  by a t h e r m o la b i le  c y a n id e - s e n s i t i v e  cata lyst .  This  in f e r re d  

that a p e r o x id a s e  e n zy m e  was taking part in this r e ac t io n .  T h e re  

was a l s o  a p o s i t iv e  c o r r e l a t i o n  betw een  d istr ibut ion  of  p e r o x id a s e  

and the pattern of  l ign i f i ca t ion .  S im i la r  r esu l ts  w e r e  r e p o r t e d  using 

v a s c u l a r  t i s s u e s  f r o m  the r o o t  o f  V i c ia  faba (Jensen  1955).  The 

v a s c u l a r  t i s su e  was p r o v id e d  with eugenol  and hy drog en  p e r o x id e .

De Jong ( 1967) p r o v id e d  d i r e c t  e v id ence  against  the r o l e  of  

p e r o x id a s e  in l ign i f i ca t ion  within onion ro o t  x y le m  t i s s u e .  H ow e v e r ,  

there  is l i tt le doubt that p e r o x i d a s e s  do p rov id e  an im portant  

function in the p r o c e s s  o f  l ign i f i ca t ion  in cer ta in  plants .

In all t i s s u e s  studied, p e r o x i d a s e  act iv i ty  has in c r e a s e d  when 

the t i ssue  is e x p o s e d  to d i s e a s e  o r  m e c h a n i c a l  in jury .  F o l l o w in g  

host  plant invasion ,  p ro te in  m e t a b o l i s m  has been  shown to be 

a l tered ,  with an a c c o m p a n ie d  i n c r e a s e  in the ox idat ive  s y s t e m s  

(Rudolph and Stahmann 1964; T o m i y a m a  and Stahmann 1964).  

In c r e a s e d  p e r o x id a s e  act iv ity  in in fec ted  plants has been  noted in 

m any  s p e c i e s :  b la c k  rot  r e s i s t a n c e  in sweet  potato was  c o r r e l a t e d  

with the p rodu ct ion  o f  new p ro te in  a fter  initial  in fec t ion .  T h e se  new 

prote ins  w e r e  then identi f ied  as  p e r o x id a s e s  (Vr itani  and Stahmann 

I 9 6 I; C la re ,  W e b e r  and Stahmann I 966). S im i la r  r esu l ts  w e re  

noted when sweet  potato  t i ssue  was inoculated  with ve in  c lear in g  

v iru s  (L o e b e n s te in  and L in se y  1961). P haseo lus  v a r i e t i e s  have 

shown new and i n c r e a s e d  p e r o x id a s e  act iv ity  at the site o f  inoculat ion
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after  being jn fused with v i r u s  (Staples and Stahmann 1964; F a rk as  

and Stahmann 1966).  T h e s e  new p e r o x id a s e s  w e r e  e x p e r im e n ta l ly  

d e te rm in e d  to be  produ cts  of  ths host plant and not the v i r u s .  The 

n o n -v i r u s  e x p e r im e n t  used  l e s i o n s  caused  by m e r c u r i c  c h lo r id e  to 

r e p la c e  the v i r u s  in fusion .  P e r o x i d a s e  changes  s im i la r  to the v i ru s  

induced changes  w e r e  noted (S o lym o sy ,  S z i r m a i  and B e c z n e r  1967). 

In P in to  beans  inocu lated  with v i r u s ,  the young t i ssue  d isp layed  

p e r o x id a s e  i s o z y m e s  a s s o c ia t e d  with o ld  l e a v e s ,  suggest ing  that 

the p e r o x i d a s e s  w e r e  a b y -p r o d u c t  o f  induced s e s e s c e n c e  (Bates  and 

Chant 1970).  Rust  in fec ted  f lax  plants p r o d u ce d  new and m o r e  

intense p e r o x id a s e  act iv ity  (A n d r e e v  and Shaw 1965).  A high 

p o s i t iv e  c o r r e l a t i o n  was  found between p e r o x id a s e  act iv ity  in 

d i f ferent  organ s  and r e s i s t a n c e  to Phytophthora in potato plants 

(F e h rm an n  and Dimond 1967).  N icot iana  s p e c i e s  in fec ted  with P .  

tobac i  p r o d u ce d  in c r e a s e d  p e r o x i d a s e  act iv i ty  to  the s a m e  pathogen 

( L o v r e k o v i c h ,  L o v r e k o v i c h  and Stahmann 1968; V e e c h  1969).

S im i la r  r e s p o n s e s  w e r e  noted in oats (N ovacky  and W h e e le r  1970) 

and c l o v e r  (Stavely and Hansan 1967).

A  g o o d  re v ie w  o f  the i s o z y m e  changes  d isp layed  in v a r io u s  

plants as a resu lt  o f  hos t -p a th og en  in terac t ions  is p re se n te d  by 

Latner  (1967) .
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M A T E R I A L S  AND METHODS

M ater ia ls

The plant m a t e r i a l s  used  w e r e  f ie ld  grow n  plants o f  M u sa s p p . 

obtained f r o m  the U n ivers i ty  of  H aw ai i 's  P lant  S c ie n c e  Instruct ional  

A r b o r e t u m  at the W aim analo  R e s e a r c h  Station, W aim analo ,  Hawaii .  

O ve r  50 s p e c i e s  a re  l i s ted  (W arner  1970).

A p p r o x im a t e ly  10 square  c e n t im e te r s  o f  m a tu r e  l e a f  t issue  

was  c o l l e c t e d  f r o m  the b a sa l  p or t ion  of the third lea f  f r o m  the top of 

the plant. C o l l e c t i o n  was p e r f o r m e d  when the tip of  a new, fo lded  

l e a f  p ro trud ed  f r o m  the c e n te r  of  the p se u d o s te m .  No t i s su e  was 

c o l l e c te d  f r o m  fruit ing plants o r  young s u c k e r s .  T h e s e  t i s s u e s  w e r e  

e ither  used  d i r e c t ly  o r  w e r e  f r o z e n  at - 2 °  to - 4 °  C. No d i f f e r e n c e  

in p e r o x i d a s e  patterns  w e r e  p r o d u ce d  by f r e e z in g .

H or izon ta l  p o l y a c r y l a m i d e  gel  e l e c t r o p h o r e s i s  was used  f o r  the 

separat ion  o f  the p e r o x id a s e  i s o e n z y m e s .  A m o d i f i e d  p r o c e d u r e  of 

B r e w b a k e r  et al .  (1968)  was d eve lop ed  and used.

Equipm ent: The pow er  supply con s is ted  o f  a Heathkit IP -3 2

w hich  could  p rov id e  a d i r e c t  c u rre n t  up to 400V at 100mA. The unit 

can p o w e r  two ge ls  c on n ec ted  in a p ara l le l  sequence ,  operat ing  at 

about 250V.  at 70 -  90 m A .

The gel  t r a y s  (18 cm  x 20 xm )  w e r e  m ad e  f r o m  3 .2  m m  c l e a r  

p le x ig la ss ,  with a r im  3 .2  m m  x 3. 2 m m .  The tray a c c o m m o d a t e s  

about 100 m l  o f  gel,  3 .2  m m  thick.

The f o l low ing  bulk so lut ions  of  buf fer  w e r e  p re p a re d :
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B uffer  A  (pTi 8. 1) 0 .0 2 5  M l ithium h ydrox ide  (16 g m /  15.2 1.
d is t i l l ed  water)

0 .2 0 0  M b o r i c  ac id  (188 g m /  15 .2  1. 
d i s t i l l e d  w ater )

B u ffer  B (pH 8. 3) 0. 010 M c i t r i c  a c id  (29 g m /  15.2 1. d is t i l l ed  w ater )
0. 065 M T r i z m a  b a s e  (120 g m /  15 .2  1. d is t i l l ed  

w ater )

The bu f fe r  tanks w e r e  c o n s tru c te d  f r o m  p las t i c  food  

con ta iners  (22 cm  x 7 xm  x 7. 5 cm ) ,  with a s lot  ap p ro x im a te ly  3 cm  

w ide  cut in the top extending the length of .the tank. T w o  types  o f  

e l e c t r o d e s  w e r e  used .  One c o n s i s t e d  o f  12 in ches  of  plat inum w ire  

(26 gauge)  w ra pp ed  l o o s e l y  around a g lass  r o d  20 c m  in length. The 

other  type c o n s is te d  of a m a t  o f  s ta in less  s tee l  s c r e e n in g  ( l / l 6  inch 

m e sh )  p la ce d  along the bottom  and extending 4 cm  up the s id e s  of  the 

tank. B u f fe r  solut ion A was used  in the tanks as the e le c t r o ly t e  

(pH 8. 1). A thin sponge 18 c m  square  was  saturated  in the buf fer  

solut ion.  One edge  was  p la c e d  in the e l e c t r o ly t e  and the other  was  

laid about 4 c m  o v e r  the edge of  the gel  to act  as the cond uctor  f o r  

the cu rre n t .  The bu f fe r  was r e p la c e d  after  one o r  two runs.

R e f r ig e r a t i o n  is  c u s to m a r i ly  p rov id ed  to this s y s te m  to 

d iss ipate  the heat that is genera ted  when the sy s te m  is operat ing .  

Th is  was  a c c o m p l i s h e d  by p lac ing  the bu f fer  tanks and gel  tray  in a 

r e f r i g e r a t o r  and connect ing  the pow er  supply by w ire  running through 

the insulating gasket  to the buf fer  tanks.

Methods

P r o c e d u r e: A 7% p o l y a c r y la m id e  ge l  w as  p r e p a re d  in the 

f o l low ing  m a n n e r :  7 gm o f  Cyanogum  ( e l e c t r o p h o r e s i s  grade )  was

d i s s o lv e d  in 90 m l  o f  B u ffer  B plus 10 m l  of  B u f fe r  A (final pH 8 .2 ) .

13



T o  c a ta lyze  the f o r m a t io n  o f  the gel,  0. 30 s i  o f  N, N, N ',  N ' -  

t e t ra m ethy le thy lened ia m in e  (T E M E D )  and 2 m l  o f  10% ammoniuna 

p e rsu l fa te  w e r e  rapid ly  added to the C y a n o g u m -b u f f e r  solution.

The so lut ion  was then im m e d ia t e ly  p oured  into a p r e p a r e d  gel  tray .  

The so lut ion  hardened  in about 15 m in u tes .  P r i o r  to  pouring the gel 

so lution,  an aluminum plate,  cons is t ing  o f  a s e r i e s  o f  inverted  " V "  

cuts a long a straight edge  was  p laced  along the o r ig in .  When the gel 

hardened ,  the plate was  r e m o v e d  leaving a s e r i e s  o f  0. 7 cm  sl its  

in the ge l .

S am p les  two and four  m m  in d iam eter  w e r e  taken f r o m  the 

c o l l e c t e d  lea f  t i s s u e .  The t i ssue  was  t reated  with two d ro p s  o f  

sa line so lut ion  (0 .8 %  sodium  c h lo r id e  plus 0 .2 %  sodium  nitrate 

so lut ions)  and c r u d e ly  m a c e r a t e d  with a pest le  on a sheet  of  

a luminum fo i l .  T r e a tm e n t  o f  the t i ssue  with u l t r a - ce n tr i fu g a t io n  

plus sal ine ,  sa l ine solut ion plus p o ly c a r  A T  and sal ine plus 0 .2 5  M 

a s c o r b i s  a c id  w e r e  t r ie d  but la te r  abandoned,  s ince  they p rov id ed  

no i m p r o v e m e n t  in re so lu t io n  of  p e r o x i d a s e s .  P r o t e in s  d i f fused 

r e a d i ly  into the sal ine so lut ion and w e r e  drawn of f  into f i l t e r  paper  

w ick s  (0.  1 c m  x 0. 5 x m ) .  The w ick s  w e r e  p la c e d  d i r e c t ly  on the 

m a c e r a t e d  t issue  or  the ex trac t  was taken into the w i c k  through a 

p i e c e  of  lens  p ap er .  T h e  la tter  technique resu l ted  in better  

re so lu t io n .

The w ick s  w e r e  then p laced  into the s l i ts  in the ge l .  With the 

w ick s  in p lace ,  the s u r fa c e  o f  the gel was  b lotted  with a paper  towel  

to r e m o v e  s u r fa ce  m o i s t u r e .  Since  the front  was  a lm o s t  inv is ib le  

in this type of  gel,  m a r k e r s  w e r e  used  to he lp  lo ca te  it. W icks
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soaked  in 1% P o n ce a u  solution w e r e  used  f o r  this p u r p o s e .  A sm a l l  

p i e c e  of  Saran w rap  was  p la c e d  o ver  the s u r fa c e  of  the ge l  leaving 

4 c m  o f  each  end e x p o s e d .  This  prevented  gel  d e s i c c a t i o n  during 

the run. The  gel  was then p la c e d  on top o f  the bu f fe r  tanks which  

w e r e  f i l l ed  with B u ffer  A to a depth o f -2 c m .  The sponge b r id g e s ,  

saturated with Buffer  A,  w e r e  la id  o v e r  the e x p o s e d  ends of the ge l .  

A g la ss  p late  (18 c m  x 18 c m )  was  added to hold the sponge b r id g e s  

in go o d  contact  with the s u r fa ce  o f  the ge l .

When the c u rre n t  was  added  to this sys te m ,  co n f i rm a t io n  of 

cu rre n t  f low was  m a d e  by o b s e r v a t io n  of  gas bubbles  evo lv ing  f r o m  

the e l e c t r o d e .  The ge l  was  r e m o v e d  when the b o r a te  f ront  r e a c h e d  

about 4 c m  f r o m  the anodal end o f  the ge l .

The ge ls  w e r e  a l low ed  to  run about 4 h o u r s  at 200 to 2 50 V. 

at a t e m p e ra tu re  o f  7 ° C .  During this p e r i o d  the m a r k e d  b ora te  

f ront  t r a v e le d  about 8 c m  tow ard  the anodal end o f  the ge l .  At  the 

end of the run, the g la ss  plate,  sponge b r id g e s  and w ick s  w e r e  

r e m o v e d  f r o m  the ge l .  The  ge l  was  then r e m o v e d  f r o m  the tray  and 

p la ce d  in a staining solution.

A staining so lut ion was  p r e p a re d  by m ix in g  80 m l  o f  35% 

ethanol,  9 m l  o f  g la c ia l  a c e t i c  a c id  and 1 gm of  benzidine  

d ih y d r o c h lo r id e  and heating s lightly to c o m p le t e ly  d i s s o l v e  the 

benzidine  d ih y d r o c h lo r id e .  The  solution was then c o o l e d  and 

3 m l  o f  3% h y d ro g e n  p e r o x id e  was  added im m e d ia te ly  p r i o r  to the 

i m m e r s i o n  of  the ge l  in the staining bath. The  intensity o f  the 

stain could  be manipulated  by the length o f  t im e  the ge l  was
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i m m e r s e d  in the solut ion .  N o r m a l ly  o n e -h a l f  to one and o n e -h a l f  

m inutes  w e r e  suff ic ient .

The z y m o g r a m s  w e r e  then in terp re ted  by p lacing the gel  on a 

trans lucent  p le x ig la s s  s u r fa c e  which  c o v e r e d  the light s o u r c e  o f  two 

40 watt in can d escen t  l ight bu lbs .  The bands w e r e  read  d i r e c t ly  

f r o m  the g e l s .
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RESULTS AN D  DISCUSSION

T i s s u e  P o l y m o r p h i s m

A s e r i e s  o f  d i f ferent  plant organs  w e r e  used  to d e te rm in e  the 

bes t  m a t e r ia l  f o r  rep re s e n t in g  p e r o x id a s e  act iv i ty  in bananas 

(F ig u re  1). P e r o x i d a s e  bands could  be r e s o l v e d  on the cathodal  

s ide  o f  ge ls  by using root  t i s s u e s ,  but there  was g re a t  d i f f icu lty  in 

obtaining these  t i s s u e s .  T h e r e  s e e m e d  to be  l it tle d i f f e r e n c e  in 

p e r o x id a s e  act iv i ty  betw een  p e t io le ,  l ea f  r ib ,  l ea f  m a r g i n  or  l ea f  

tip.  T h e r e f o r e ,  the l e a f  t i ssue  was  s e le c te d  as the m o s t  p r a c t i c a l  

m a t e r ia l  to be  u t i l ized  in a c h e m o s y s t e m a t i c  study. P s e u d o s t e m  

t issue  was tes ted  but the abundance of sap and the phenolox idat ive  

darkening on e x p o s u r e  to  l ight and air ,  in t e r fe r e d  with the 

re so lu t io n  of  the bands .  Root  p r i m o r d i a  exhibited  g ood  r e s o lv in g  

p r o p e r t i e s  but w e r e  awkward  to c o l l e c t .  Another  p r o b le m  with 

root  p r i m o r d i a  was  the di f f icu lty  in obtaining un i form  sam ple  s i z e .

pH V aria t ion

A s e r i e s  o f  s a m p le s  w e r e  c o l l e c t e d  f r o m  parts  of  v a r i o u s  

banana plants .  A p p r o x im a te ly  100 gm s  ( f r e s h  weight) o f  a 

p a r t i cu la r  organ  o r  t i s su e  was  weighed ,  p la c e d  in a W ar ing  b lend er  

to w h ich  100 m l  o f  d is t i l led  w a te r  was added. The  contents  w e r e  

b lended  f o r  30 se co n d s  and f i l t e r e d  for  use .  The  pH va lues  o f  the 

b lended  t i ssue  s a m p le s  ranged f r o m  7 .0 5  to 7 .2 0 .  An e l e c t r o 

p h o re t i c  run was set up with the buf fer  tanks at pH 8. 1 and the 

a c r y la m id e  gel  at pH 7. 1. The resu l ts  w e r e  not s a t i s fa c to ry  

b e c a u s e  anodal  m o b i l i t y  was s low ed  to the point w h e r e  the borate

17
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F ig u r e  1. Z y m o g r a m s  of  D i f ferent  A r e a s  of  
the Same Plant ( 'H a ik e a ' ) .  (A) Young 
Root  T ip .  (B) Old Root (Mid  Sect ion) .
(C) C o r m  T i s s u e .  (D) L e a f  P e t i o l e .
(E) L e a f  MidORib.  (F)  L e a f  A p e x .
(G) C enter  o f  L e a f .  (H) L e a f  M arg in
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front ,  m a r k e d  by the P o n ce a u  solution, was a lm o s t  tw ice  the d istance  

f r o m  the o r ig in  as w e r e  the p e r o x id a s e  bands.

In the f o l low ing  exp e r im e n t ,  a c r y la m id e  ge ls  w e r e  adjusted  to 

a s e r i e s  o f  pH va lues  ranging f r o m  9. 0 to 6. 5. The  e l e c t r o l y t i c  

so lut ion  in the buf fer  tanks r e m a in e d  the s a m e  (pH 8. 1). At  the 

h igher  pH's ,  the m o b i l i t y  o f  the anodal p e r o x i d a s e s  i n c r e a s e d  to the 

op t im um  of about 8. 0 to 8. 5. The l o w e r  pH va lues  d e c r e a s e d  the 

m o b i l i t y  o f  the anodal p e r o x i d a s e s .  The cathodal  p e r o x i d a s e  bands 

b e c a m e  v i s ib l e  only be low  pH 8. 0 and i n c r e a s e d  in m o b i l i t y  as the 

pH b e c a m e  l o w e r .  It was a l s o  noted that a l o n g e r  (2 to 3 m inutes )  

staining p e r i o d  was n e c e s s a r y  to ach iev e  the s a m e  resu l ts  at a low  

gel pH as c o m p a r e d  with the rapid  (30 to 60 s e c o n d s )  staining p e r i o d  

of  the higher  p H 's .  The  bes t  pH f o r  detect ing anodal  and cathodal  

p e r o x id a s e ,  using a s ingle  gel,  was  in the range  o f  7. 5 to  8. 0. A 

gel  o f  pH 8 .2  was  s e l e c t e d  and p ro v e d  e x t r e m e ly  s a t i s fa c t o r y .

While  es tab l ish ing  an op t im um  pH to  run the a c r y la m id e  gel,  

it was  d i s c o v e r e d  that sam ple  s ize  was  im portant  in obtaining high 

reso lu t io n  of  the p e r o x id a s e  bands .  Consistant  sam ple  s i z e s  f r o m  

the l e a v e s  w e r e  obtained by us ing standard s ize  c o r k  b o r e r s .  A f t e r  

running a s e r i e s  o f  s i z e s ,  bes t  resu lts  in the P x 2 r e g io n  w e r e  

obtained with a num ber  2 b o r e r  (d ia m e te r  2 m m ) .  The  nu m ber  5 

b o r e r  o f f e r e d  the sa m p le  s i z e  bes t  f o r  r e so lu t io n  in the P x j  and 

Px^ r e g io n s .  At the onset  o f  the invest igat ions ,  s tandard p r a c t i c e  

was  to run dupl icate  ge ls ,  one with la r g e  (#5) b o r e r  s ize  s a m p le s  

and the other  with the Sinall (#2) s ize  s a m p le s .
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B a s i c  M a s a  L e a f  P e r o x i d a s e s

20

F o u r  d ist inct  re g io n s  o f  p e r o x id a s e  staining w e r e  d i s c o v e r e d .  

They  p r o v e d  to be  eas i ly  identif iable  and fa i r ly  cons is tent  throughout 

the genus.  They  w e r e  g iven  the s y m b o ls  Px^ ( p e r o x id a s e  zone 1), 

Px2,  Px^,  P x^  and wil l  be c o n s id e r e d  h e r e  in detai l .

R . f .  ( r e la t iv e  to  front)  va lues  w e r e  a s s ig n e d  to all  bands 

(Tab le  1). The  va lue  was  ca lcu la ted  by dividing the d is tan ce  f r o m  

the o r ig in  to the p ar t i cu lar  band by the d istance  f r o m  the o r ig in  to 

the b o r a te  f ron t  and c o n v e r te d  to  p e r c e n ta g e s .

Pxj^: Pxj^ was the m o s t  rapid ly  m igra t in g  M usa  p e r o x id a s e ,  

p lac ing  it am ong the m o s t  rap id ly  m o v in g  r e p o r t e d  o r  o b s e r v e d  in 

plants ( B r e w b a k e r ,  p e r s o n a l  c o m m u n ic a t io n ) .  This  ind icated  the 

probabi l i ty  o f  a v e r y  sm a l l  m o l e c u l e .  F o u r  bands w e r e  d i s c o v e r e d  

in the P x j  reg ion ,  a lways  in the sam e re la t ive  p o s i t io n  to  each  other .  

This  zone  was the l ightest  staining of  the f o u r  reg ion s  and the la rg e  

sam ples  w e r e  d e s i r a b le  fo r  g ood  reso lu t ion .  R e la t ive  f ront  p o s i t io n s  

of  the Pxj^ bands v a r i e d  depending on the duration o f  e l e c t r o p h o r e s i s ,  

with ap p ro x im a te  R. f.  va lues  f o r  the f our  bands of  81, 87, 91 and 

94 (Tab le  1).

Px^:  The Px^ re g io n  w as  c h a r a c t e r i z e d  by s e v e r a l  heavy

banks.  Of  these  a standard band ( " M ” , o r  m e d iu m )  was  l o ca te d  at 

R. f.  51 on the g e l s .  A s lo w e r  band "S "  ( R . f .  47) was o b s e r v e d  in 

a few  strains  w hile  the unusual ly  s low band, VS ( R . f .  43) was  

o b s e r v e d  only in M .  c o c c i n e a .  S im i la r ly ,  a fast  band, F  ( R . f .  56) 

and a v e r y  fast  band (VF  ( R . f .  59), c h a r a c t e r i z e d  only a sm a l l  

num ber  of  the c l o n e s .  In s p e c i f i c  hybr id  c lo n e s ,  two bands w e r e



T a b le  1. A v e r a g e  R . f .  V a lu e s  f o r  M usa  L e a f  P e r o x i d a s e s  in R e la t ion  to
the B o r a te  Front

P e r o x i d a s e
Zone

Designat ion A p p r o x im a t e  
R . L  Va lues

C o m m e n t s

P x

Px ,

P x 3 ■

P x .

F 94 F a s te s t  band o b s e r v e d .
M 91 M a jo r  band in this zon e
S 87 Light stain ing.
VS 81 R a r e .

V F 59 Only in A B B  g e n o ty p e s .
F 56 P r e s e n t  with B g e n o m e .
M 51 M a jo r  r e f e r e n c e  band.
S 47 R h o d o c h la m y s  and r a r e  c a s e s .
VS 43 M .  c o c c i n e a .
vvs 20 Only in one c lone  'L a c a t a n ' .

s - 4 H eavi ly  stained .
M -9 P o o r  r e so lu t io n .
F -11 E a s i ly  d i f fused .

M -28 Either  p r e s e n t  o r  absent .



p re se n t  in this zone .  In two 'L acatan '  plants an e x t r e m e ly  s low,

VVS ( R . f .  20),  band was o b s e r v e d .  G e n e ra l ly  the Px^ zone  was the 

m o s t  intense ly  stained a rea ,  staining a lm os t  im m e d ia te ly  on 

i m m e r s i o n .  Gel  o r  t im e  v a r ia t ion s  caused  m i n o r  d i f f e r e n c e s  in the 

p o s i t io n  o f  the bands.  F o r  these  r e a s o n s ,  this was  the m a j o r  reg ion  

studied  when co m p a r in g  c lo n e s .

Px^;  Th is  r e g io n  was the s lo w e s t  m o v in g  o f  all  reg ions  

studied. Staining was m o d e r a t e  with three  bands o b s e r v e d .  It was  

noted that the m e d iu m  band ( R . f .  -9 )  and the fast  band ( R . f .  -11 )  

w e r e  n e v e r  found together  but w e r e  often a s s o c ia t e d  with the s low 

( R . f .  -4 )  band. The c l o s e n e s s  o f  these bands to the o r ig in  suggested  

la rg e  m o l e c u l e s .

Px^:  Px^  was the fastes t  m ov ing  r e g io n  on the cathodal side  

of  the g e l s .  T h e r e  was  only one band o b s e r v e d  ( R . f .  -28 )  exhibiting 

a l ight and s lightly d i f fused  staining pattern.  Th is  r e g io n  only 

d isp layed  act iv i ty  in s o m e  d ip lo id  c l o n e s .  An unusual o c c u r e n c e  

was  noted in one plant o f  'W alha ' .

Band V a l u e s : The R . f .  va lues  f r o m  a s e r i e s  o f  ge ls  w e r e  used  

to ca lcu la te  a s im p le  s tat is t ica l  an a lys is .  This  was  done to p ro v id e  

a m ath e m a t i c a l  grouping o f  the p e r o x id a s e  bands .  Band d i f f e r e n c e s  

w e r e  ge n e ra l ly  obv ious  by inspect ion ,  o r  by c o m p a r i s o n  with 

s e le c te d  co n tro l  o r  standard r e f e r e n c e  bands on the ge l .  F o r  the 

p u rp o se  of  r e p o r t in g  these  bands,  e m p i r i c a l  l im its  w e r e  sought.
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The R,. f .  va lues  f o r  a sam ple  of  100 bands identi fiable  as

m e d iu m  Px^ w e r e  m e a s u r e d  and sub jected  to va r ia n c e  ana lys is :

n =. 100 
X = 51. 323 
Ex = 513. 3
C . f .  = CEx) /n  = 263, 405. 0
s ■ Ex^ - C . f .  = 264, 484. 5 ■- 263, 405. 0 = 1, 079. 5 
s - \ /E x ^ /n - l  = s l l ,  079. 5 /99  = 3. 18
C o e f f i c i e n t  of  V ar ia t ion  - C o  s h e  x 100 o 3. 18 /5 1 .  32 x 100

= 6. 19%

The l o w  value f o r  the c o e f f i c i e n t  o f 'v a r ia t i o n  ind icates  there  

is not a grea t  deal o f  v a r ia n ce  in the pos i t ion  of  the m e d iu m  Px^ 

bands within the population.

The R.  f .  va lues  f o r  the other  f ive  bands w e r e  av era ged ,  using 

100 s a m p le s  p e r  band (Tab le  1). The bands w e r e  abb rev ia ted  as 

f o l l o w s :

23

V e r y  F ast = V F
F ast a F
M edium = M
Slow S
V e r y  Slow VS
V e r y ,  V e r y  Slow = vvs

T h e s e  abb rev ia t ion s  w e r e  then used  to es ta b l i sh  a chart 

(Tab le  2) to  c o m p a r e  the p e r o x id a s e  bands of the avai lab le  M usa  

c l o n e s .



T a b le  2.  P r e s e n t  S ys tem at ic  C l a s s i f i c a t i o n  o f  M usa  and O b s e r v e d  P e r o x i d a s e  B ands .

Sect ion
S p e c ie s  V 

Clone
Px. P x . Px Px , Z y m o g r a m  2 /  

N u m b e r

C a l l im u sa  
M ,  c o c c i n e a VS

A u stra l im u s a  
M. m a c l a y i  
M .  t r o g lo d y ta r u m  

'FihT 
' F e ' i '

F / M / S / V V S
F / M / S / V V S

M

M
M

F
F

3
4

R h odoch la m y s  
M .  o r n ata 
M .  velutina

M S
S

5
6

Eumusa 
A A  C roup  
M ,  acum inata 

’S a c r ie F '  ’
' L a d y ' s  f in g e r '  
'L a d y ' s  f inger  
'L acatan '
'L acatan '
'L acatan '  

s u b s p e c i e s  m i c r o c a r p a 
'Z e b r i n a '
'Z e b r i n a '

A A A  C roup
'C r o s M ic h e l '  
'A m r i tsag ar '  
'B l u e f i e l d s '

M /S
F / M / S
F / M / S
F / M / S
F / M
F / M / S

M /S
M /S

F / M / S
F / M / S

M
M
S
M
M /V V S
M

M
M

M
M

S
S / F
S
S / F
S / M
S / F

M

M

F
S / M

7
34
35
36

8 
9

37
38

10
11

ro
4̂^



T a b le  2. (con tinued)

Sect ion
S p e c ie s  1/ 

C lone
P x i Px^ PX4 Z y m  og r a m  

N u m b e r

E u m u sa  (continued)
'R e d '  'G re e n  Red '

'Cuban R ed ' F / M / S M S / M - - 41
'Cuban Red ' F / M M S - - 42
'G r e e n  R ed ' F / M / S M S / M 12

'Iholena '
'Ihblena' M /S M F - - 13
'Iholena ' M M - - 43
'Haa Haa' F / M / S M M 14

Cavendish  Subgroup
'C h i n e s e ' F / M / S M S / M - - 44
'C h i n e s e ' F / M / S S S / M 45
'D ich o to m o u s  Ch inese  F / M / S S S - - 15
'D ich o to m o u s  Sam oan '  F / M / S s S / M - - 15
'W i l l ia m s  H yb r id ' F / M / S M S / M - - 17

'P is a n g  M asak  Hijau 
'Hamakua *

1
F / M / S M S./M . . 47

'Hamakua ' F / M M S / M 48
'L acatan '  W. I. F / M / S M S / M 18
'Monte C r i s t o ' M S / F - - 49
'Monte  C r i s t o ' M /S M S / F - - 50

'R obu sta '
'North ' F / M / S M S / M 51
'North ' M M S / M 52
'V a l e r y ' F / M / S M S / M - - 19

A A A A  G roup
'Golden Beauty ' F / M / S M S / F 20

A A B  Group
M . acum inata  x  M .  balb is iana  h y b r id s  

'A p p le '  F / M  
1

F / M S / M 21 ro



T a b le  2 (con tinued)

Sect ion
S p e c ie s  1/ 

C lone
P x i P - 2 PX3 Px^ Z y m o g r a m

N u m b e r

Eum usa  (continued)
'B r a z i l i a n ' --------- M 22
'R a ja p u r i ' F / M / S F / M S / M 23
'Walha ' F / M / S M S / F 53
'Walha ' F / M / S V F / M S / F M 54

Plantain  Subgroup
'H orn ' M /S M S / F - - 24
' D w a r f M /S M S / F — 25
'M o o n g i l ' M / S M S / M - - 26

M a o l i
“ ^Haikea' F / M / S M S /M - - 27

'K o a e ' M /S F S / M 55
'K oa e ' M /S M S - - 56

Popou lu
'Hua M o a ' F / M / S M S /M - - 57
'Hua M o a ' M /S M S /M - - 58
'Lab i lah i ' M /S M S - - 28
'M a le i ' F / M / S M S - - 59
'M a le i ' F / M / S M S / M - - 60
'M o a ' M /S M S /M - - 29
'Nou' F / M / S M S / M - - 30

A B B  C roup
'Ice  C r e a m ' F / M / S V F / M - - 31
'Monthan' F / M / S V F / M F - - 32
'Pata. S a m o a ' M /S V F / F F - - 61
'Saba' M /S V F / M S./M 33

U nd eterm in ed  C roup
'E s l e s n o ' M /S M F 63
'Hapai ' F / M / S M S / F M 64
'Tuu C ia ' F / M / S M F M 65

tSJO'



T a b le  2. (continued)

Sect ion
S p e c ie s  1/ 

C lone
P x i P x

3 P - 4 Z y m o g r a m  2/ 
N u m b e r

Eumusa (continued)  
BB Group 
M ,  balb is iana - - F - - 66

1/ W a rn e r ,  1970. L i s t  of  P la n ts .  P lant  S c i e n c e  Instruct iona l  A r b o r e t u m .  
The z y m o g r a m s  shown g rap h ica l ly  in F i g u r e s  2 to 9.

U n iv e rs i t y  o f  Hawaii .

INJ



S y s te m a t i c  P o l y m o r p h i s m s  Involving P e r o x i d a s e s

The  c l a s s i f i c a t i o n  of  the banana cu l t ivars  was  taken f r o m  

W a r n e r  (1970).  A  g e n e ra l  d e s c r ip t i o n  o f  the m a j o r  s e c t io n s  of  

M u s a c e a e  is g iven  in A ppend ix  1. The in f luence  o f  the parental  

phenotype on Musa hybr ids  a r e  l i s ted  in Appendix  2, and a 

d e s c r ip t i o n  o f  the Hawaiian c lo n e s  in Appendix  3.

C o m p o s i t e  z y m o g r a m s  w e r e  then drawn f r o m  the data in 

T a b le  2 .  T h e s e  va lues  w e r e  the av e ra ge  of s i x  ge ls  (12 s a m p le s ) .  

The re su l ts  a r e  d isp layed  in F i g u r e s  3 to  10.

M .  c o c c in e a ,  the s ingle  s p e c i e s  tested  f r o m  the C a l l im u sa  

se c t io n  o f  the genus,  exhib ited only a single,  v e r y  s low  m o v in g  

band in the Px^ zone .  This  v e r y  unique z y m o g r a m  w as  dist inct  

f r o m  all  other  s p e c i e s  p lac ing  it in a ca te g o r y  by i t se l f .

T h r e e  c l o n e s  o f  the A u s t r a l im u s a  se c t io n  w e r e  studied.

M .  m a c l a y i  was a unique A u s t r a l im u s a  in that its bands w e r e  

ident ica l  to the 'B r a z i l ia n '  c lone  (AAB) in the Eum usa  s e c t io n  and 

s im i la r  to M .  c o c c in e a ,  d isp lay ing  only one band of  act iv ity .

M .  t r o g lo d y ta ru m  d isp layed  act iv ity  in the P x j ,  Px^ and Px-j 

r e g io n s  but was dist inct  in that a new, v e r y  s low  band was p r o d u ce d  

in Pxj^. Th is  was not seen in any other  c l o n e s .

The E u m u sa  se c t io n  p r e se n te d  the m o s t  c o m p l e x  p e r o x id a s e  

patterns .  Th is  s e c t io n  is d iv ided into groups  depending on p lo idy 

and s o u r c e  of  g e n o m e s .  M .  acuminata  (AA),  ba lb is iana  (BB) .  

The re su l ts  g e n e ra l ly  a g re e d  with the c la s s i f i c a t i o n s  that are  found 

in T a b le s  1, 2 and 3 except  f o r  a few  s p e c i f i c  c a s e s .  The  d ip lo id  

types  d isp layed  a v a r ie ty  of  bands in the v a r io u s  zo n e s .  A genera l
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s u r v e y  of the 'S u c r i e r '  type d ip lo ids  showed there  was  a gen era l  

tendency  f o r  M - P x 2 and S -P x ^  bands to be  pre se n t .  Va r ia t ion s  a r e  

d isp layed  in F ig u r e s  3 and 6. The  a b s e n c e  o f  a Px^  band in one of  

the , 'Zabrina'  plants was  noted.  The true  'L aca ta n '  c lo n e  o f  the 

Ph i l ipp ines  was the only a s s e m b l a g e  of plants in this group  that 

d isp layed  Px^  act iv i ty .  T h e s e  plants w e r e  de f in ite ly  d i f ferent  f r o m  

the 'L aca ta n '  c l o n e s .

T r i p l o i d  (A A A )  c l o n e s  w e r e  v e r y  d ist inct  in that the m a jo r i t y  

p o s s e s s e d  a s ingle  M - P x  band, except  in the c a s e  of  dw arf  c l o n e s .C4
In the dwarf  c l o n e s  M - P x ^  b e c o m e s  S - P x 2 . The  m a jo r i t y  a l s o  

showed  all  three  bands in In genera l ,  the subgroups  within

the tr ip lo id  (AAA) group  could  not be  d ist inguished  f r o m  one another 

b e c a u s e  of  n e a r ly  identica l  z y m o g r a m s .

'Golden Beauty '  o f  IC -2 ,  a hybr id  te t ra p lo id  of  acuminata  

X 'G r o s  M i c h e l '  p o s s e s s e d  u n i fo rm  p e r o x id a s e  bands which  w e r e  

ident ica l  to the 'G r o s  M i c h e l '  (AAA) ,  except  that the stain in P x 2 

was s lightly  b r o a d e r  and m o r e  d i f fused than the t r ip lo id .

T r ip lo id s  with A A B  c h r o m o s o m e  c o m p l im e n t  d isp layed  a 

wide  va r ie ty  o f  band va r ia t ion .  This  group  contained 0 to  3 bands 

in P x j ,  1 to 2 bands in Px^,  0 to 3 bands in Px^,  and in one. c a s e  

the band w as  p resent .  The hybr id  c l o n e s ,  'A p p le '  (s i lk),

'R a ja p u r i '  and 'Walha '  exh ibited  two bands in Px^. excep t  f o r  one 

plant o f  'W alha ' .  The  'B r a z i l i a n '  (pom e)  c lo n e  was unique in that 

there  was no act iv ity  noted in Pxj^ and Px^ r e g io n s .  The  only 

p e r o x id a s e  act iv i ty  d isp layed  was  a single  band in P x 2 • Th is  was  

an excep t ion  f o r  this group  with the z y m o g r a m  a lm o s t  a duplicat ion
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of  the one of M .  ma_clayi, in the A u s t r a l im u s a  sect ion .  The  Plantain 

subgroup was  the m o s t  i s o z y m i c a l l y  stable of  this genotype .  The 

'H orn '  and 'P op ou lu '  types  w e r e  cons istent  in the P x 2 r e g io n s .  The 

'M a o l i '  type showed the double  banding in Px^.

The A B B  genotypes  w e r e  the m o s t  in terest ing  as  they 

d isp layed  two bands ( V F / M )  in the Px^ reg ion .  'Pata  S a m o a '  was 

an e xcep t ion  but was stil l  eas i ly  identi fiable  f r o m  the r e s t .  This  

double  banding ind icates  that the A and B g e n o m e s  do exhibit  an 

e f fe c t  on the p e r o x id a s e .
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F ig u r e  2. Z y m o g r a m s  o f  S p e c i f i c  C lon es  of  
M u s a . (1) M^ c o c c inea. ( 2 ) ^ .  m a c l a y i. 
("3) t ro g lo d y ta ru m  cv.  ' feh i” . (4) M. 
t ro g lo d y taru m  cv .  ' f e ' i ' .  (5) ornata .
r61“M 7 velutina.
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F ig u r e  3. Z y m o g r a m s  of  S p e c i f i c  C lon es  of  
M u s a. (7) M .  a c u m inata. (8) 'L a c a ta n ' .
(9)  'L a c a ta n ' .  (10) 'A m r i t s a g a r '. (11) 
'B lu e f i e ld ' .  (12) 'G r e e n  R e d ' .  (13)
' Iho lena ' .  (14) ' H a a H a a ' .  (15) 'D ich o to m o u s  
Chinese
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F ig u r e  4. Z y m o g r a m s  of  S p e c i f i c  C lon es  of  
M usa .  (16) 'Sam oan D i c h o t o m o u s ' .  (17) 
'W i l l ia m s  H y b r id ' .  (18) 'Lacatan '  (W est  
Indian). (19) ' V a l e r y ' .  (20) 'Golden 
B eauty ' .  (21) 'A p p le ' . (S i lk ) .  (22) 
'B r a z i l i a n '  ( P o m e ) .  (23) 'R a ja p u r i ' .
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F ig u r e  5. Z y m o g r a m s  of  S p e c i f i c  C lon es  of  
M usa .  (24) 'H orn '  Plantain .  (25) ' D w a r f  
Plantain.  (26) 'M o o n g i l ' .  (27) 'H a ikea ' .  
(28) 'L ah i lah i ' .  (29) 'M o a ' .  (30) 'Nou ' .  
(31) ' Ice  c r e a m ' .  (32) 'Monthan'.
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F ig u r e  6. Z y m o g r a m s  o f  S p e c i f i c  C lon es  o f  
M usa .  (33) 'Saba ' .  (34) 'L a d y ' s  F i n g e r ' .  
(”5”57~'Lady's F i n g e r ' .  (36) 'L a c a ta n ' .
(37) ' Z e b r i n a ' .  (38) ' Z e b r i n a ' .  (39) ' C o c o s ' .  
(40) ' C o c o s ' .
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F ig u r e  7. Z y m o g r a m s  o f  S p e c i f i c  C lon es  of  
M u s a . (41) 'Cuban R e d ' .  (42) 'Cuban R e d ' .
(4 3) ' Ih o le n a ' . (44) 'C h in e s e ' .  (45) 'C h in e s e ' .
(46) 'W i l l ia m s  H y b r id ' .  (47) 'Hamakua ' .
(48) 'Hamakua '.  (49) 'Monte c r i s t o ' .
(50) 'Monte  c r i s t o ' .
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F ig u r e  8. Z y m o g r a m s  of S p e c i f i c  C lones  of  
M usa .  (51) 'N or th ' .  (52) 'N or th ' .  (53) 
TVaTha'. (54) 'Walha ' .  (55) 'K o a e ' .
(56) 'K o a e ' .  (57) 'Hua M o a ' .  (58) 'Hua 
M o a ' .  (59) 'M a le i ' .
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F ig u r e  9. Z y m o g r a m s  of  S p e c i f i c  C lon es  o f  
M usa .  (60) 'M a l e i ' .  (61) 'Pata  S a m o a ' .
(62) 'Pata  S a m o a ' .  (63) 'E s l e s n o ' .  (64) 
'H apa i ' .  (65) 'Tun C ia ' .  (66) M . ba lb i s i a n a .
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CONCLUSIONS

T h e s e  a n a lyse s  suggest  that an i s o z y m i c  a p p r o a c h  to 

s y s te m a t i c  invest igat ions  in M usa is a usefu l  and p r a c t i c a l  tool .

The  Px^ zone s e e m e d  to be  the m o s t  usefu l  in d e term in ing  

the genotypes  o f  s p e c i f i c  c l o n e s .  ]^. acum inata  with a m e d iu m  

{ M - P X 2 ) band and balb is iana  with a fast  ( F - P X 2 ) band w e r e  

found in the P x 2 zon es  of  the ir  h y br ids .  The  A A B  genotypes  

d isp layed  this to s o m e  extent, exhibit ing fast  and m e d iu m  ( F / M  

- P X 2 ) bands in s p e c i f i c  c a s e s .  The  m o s t  str ik ing e xa m p le s  w e r e  

the v e r y  fast  and m e d iu m  ( V F / M - P X 2 ) bands cons is ten t ly  found in 

the A B B  gen otypes .  The  m ix in g  o f  the s l o w e r  A type and fa s te r  

B type p e r o x i d a s e s  in P x 2 r a i s e  s o m e  interest ing  ques t ions .  Why 

is the B genotype  not eas i ly  detectab le  in an A A B  tr ip lo id  but 

e a s i ly  d e tected  in A B B  t y p e s ?  Is the A ge n o m e  dominant  to  the 

B g e n o m e ?

The interpretat ions  o f  the four  p e r o x id a s e  ac t ive  zones  w e r e  

e x t r e m e ly  d i f f icu lt .  T h e r e  s e e m e d  to be a high d e g r e e  o f  individual  

plant s p e c i f i c i ty  in these  zo n e s .  T h e r e  was a va r ia t ion  in Px^,  

f r o m  m e d iu m  ( M - P x ^ )  to fast  ( F - P x ^ ) ,  betw een  young and old 

t i s s u e s .  was  cons is ten t ly  found in the ro o t  (F ig u r e  1) and

while  its o c c a s i o n a l  p r e s e n c e  in the lea f  was  unexplainable .

T h e se  p e r o x id a s e  d i f f e r e n c e s  m ay  be the resu lt  o f  genet ic  

f a c t o r s ,  causing sl ight a l terat ions  in the m o l e c u l a r  s tructure  of 

the p e r o x id a s e  between c lonal  m a t e r ia l  o r  a natural  var ia t ion  

a m ong  b io l o g i c a l  s y s t e m s .  A natural b i o l o g i c a l  o r  an unnoticed
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en v iron m en la l  fa c to r  would  be capable  of  st imulating these 

d i f f e r e n c e s .  Any f a c to r  that would  st imulate  a m e t a b o l i c  change 

in the plant, such as d i s e a s e  which  might  cause  the p roduct ion  of 

a new p e r o x id a s e  band, which  went unnoticed,  would  c o m p l e t e l y  

d e s t r o y  the bas i s  f o r  a s y s te m a t i c  invest igat ion .  C are fu l  

co n s id e r a t io n  was  g iven  to this fac t .  It was  fe lt  that w ork ing  with 

plants f r o m  the sanae r e la t iv e ly  s m a l l  a r e a  o f  an E x p e r im e n ta l  

Station w h e r e  dam age  f r o m  pests  and d i s e a s e s  a r e  ca r e fu l ly  

c o n t r o l l e d ,  was  a safe  a p p ro a ch  f o r  invest igat ion .  In this situation 

the plants a r e  grow n  under  p r a c t i c a l l y  ident ica l  condit ions ,  h o p e 

fully  reduc ing  the chance  fo r  fa l s e  z y m o g r a m s .  Saznples w e r e  

taken f r o m  a r e a s  outs ide  the station and c o m p a r e d  with ident ica l  

m a t e r ia l s  f r o m  the c o l l e c t i o n  a r e a  to d e te rm in e  if  any d i s c r e p a n c i e s  

e x is ted .  None w e r e  found.

Sm all  v a r ia t io n s  am ong  identical  plants w e r e  expec ted  as a 

resu lt  o f  the m e th o d o lo g y  and natural va r ia t ion s  within a populat ion.  

The plants a re  l i s te d  s epa ra te ly  in F ig u r e s  6 to 9. On inspect ion ,  

it was  d e te rm in e d  that the m a jo r i t y  of  these d i f f e r e n c e s  w e r e  

m i n o r  and s ta t is t i ca l ly  not s igni f icant .  In s o m e  c a s e s  there  was  

great  var ia t ion .  T h e s e  la r g e  va r ia t ion s  a re  di f f icu lt  to explain .

They m a y  be due to i m p r o p e r l y  identif ied  plant m a t e r ia l  o r  s om a t ic  

m utation  o c c u r r i n g  in the s w o r d  s u c h e rs .

S om e  m a t e r ia l s  w e r e  so  v a r ia b le  that c o m p o s i t e  z y m o g r a m s  

could  not be drawn.  'Father  L e o n o r e '  and a ' D ichoty m ous  

C h in e se '  c lone  w e r e  in this c a t e g o r y .  In supposed ly  identica l
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plants ,  one d isp layed  p e r o x id a s e  act iv i ty  in M - P x 2 and the other 

d i sp lay ed  all  p o s s i b l e  bands in P x p  Px^ and P x ^ .

The plants o f  undeterm ined  genotypes  w e r e  exa m in ed  and an 

attempt was m ade  to m atch  their  z y m o g r a m s  with a z y m o g r a m  of  

a known genotype .  On exam inat ion  o f  the 'E s l e s n o '  c lo n e ,  the 

z y m o g r a m  d isp layed  a s im i la r i t y  to known A A B  types .  Investigat ion 

into the l i tera ture  r e v e a le d  that 'E s l e s n o '  was c o n s i d e r e d  e ither  

A A B  o r  A B B types  (S immonds  1970). S ince  all  the known A B B  

d isp lay ed  two bands in Px^,  the p o s s ib i l i t y  o f  A B B  was  ru led  out.

It is suggested  that 'E s le sn o '  is o f  the A A B  genotype .  The 

Hawaiian 'Hapai '  c lone ,  another  undeterm ined  genotype ,  d isp layed  

Px^ act iv i ty .  B e ca u se  o f  the s im i la r i t y  o f  this c lone  and the known 

d ip lo id  c l o n e s ,  it is suggested  that the 'Hapai '  c lo n e  is dii5loid.

The c lone  'Tuu G ia ' ,  a lso  undeterm ined  as to genotype ,  d isp layed  

p e r o x i d a s e  ac t iv i ty  s im i la r  to 'Hapai ' .  F o r  s i m i l a r  r e a s o n s  

it is suggested  that 'Tuu Gia'  is d iplo id.

This  is a b r i e f  s u r v e y  o f  the v e r y  c o m p l e x  s y s te m a t i c s  o f  

the M usa s p e c i e s .  A  v e r y  p r a c t i c a l  fo l lowup to this invest igation 

would be addit ional  z y m o g r a m s  f r o m  v a r io u s  other  t i s s u e s  o f  the 

plants and invest igations  o f  other i s o z y m e s  such as e s t e r a s e s ,  

ca ta la s e s  and phosphatases .
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SUM M ARY

1. P e r o x i d a s e  i s o z y m e  technique on M usa  spp. s e e m s  to  be a 

va luable  too l  f o r  s y s te m a t i c  s tudies .  Of the four  m a j o r  p e r o x id a s e  

ac t ive  zones  P x  was the m o s t  cons is ten t  and useful zone  in these 

invest igat ions ,  with noted e x c e p t io n s .  In all,  a total o f  1 5 

p e r o x id a s e  bands w e r e  iso la ted .

2.  ba lb is iana  was  eas i ly  identi fied with the only act iv ity

noted in the fast  ( F - P x  band. Th is  was  a g ood  parental  type 

genet ic  m a r k e r ,  as the m a jo r i t y  of  the edible  bananas a re  thought 

to be  h y b r id s  o f  M .  a c uminata x M .  b a lb is ian a. M .  acuminata  

d isp layed  m o r e  p e r o x id a s e  act iv ity ,  with bands in the Px^  ̂ and Px^ 

re g io n s ,  along with a m e d iu m  (M -P x ^ )  band.

3. The  A B B  genotypes  in the Eumusa sect ion  w e r e  m o s t  

read i ly  identi f iable  with a double  banding in the Px^ re g io n  v e r y  

fast  and m e d iu m  ( V F / M .  Th is  indicated  in f luences  f r o m  both 

parental  types ,  1^. acum inata  (M) and 1^. ba lb is iana  (F ) .  The  

other  genotypes  w e r e  m o r e  d i f f icu lt  to in terpret .

4. By m atch ing  z y m o g r a m s  of  three  unknown c l o n e s  with 

gen era l  c h a r a c t e r i s t i c s  of  known genotypes ,  the f o l low ing  resu lts  

a re  suggested :  ' E s l e s n o '  (A A B ) ,  'Hapai '  (d ip lo id  A A ) ,  'Tuu Gia '  

(d ip lo id  A A ) .
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A .  C h r o m o s o m e  num ber  x = l l .  B r a c t s  usually  m o r e  o r  l e s s  sulcate ,  
of ten m o r e  o r  l e s s  g laucous ,  r a r e ly  or  never  po l ished,  convo lute  or  
m o r e  o r  l e s s  im b r i c a t e d  in the bud, usually  s trong ly  revo lute  on 
fading.  Seeds  o c c a s i o n a l ly  su bg lob ose ,  m o r e  often d o r s iv e n tra l ly  
c o m p r e s s e d ,  s o m e t i m e s  lent icu lar ,  smooth,  tubercu late  or  
i r r e g u l a r l y  angulate with a m a r k e d  or  o b s o le te  um bo  oppos i te  the 
hilum.

1. I n f l o r e s c e n c e  pendent o r  s e m i -p e n d e n t  f r o m  the f i r s t ,  the 
f ru i ts  r e f lex ing  in d e ve lo p m e n t  towards  the ba s e  o f  the r a c h is .  
F l o w e r s  m any  to a b rac t ,  in two s e r i e s .  B r a c t s  c o m m o n ly  dull -  
c o l o r e d ,  g r e e n  br o w n ish  o r  dull purp le .  P s e u d o s t e m s  c o m m o n ly  
e xce e d in g  three  m e t e r s  high.

S ect ion  EUMUSA
2. I n f l o r e s c e n c e  e r e c t ,  o r  at l eas t  at the base ,  s o  that the 
fru its  do not r e f l e x  in d e ve lo p m e n t  but point tow a rd s  the apex  
of  the r a c h i s .  F l o w e r s  few  to a b rac t ,  usual ly  in a single  
s e r i e s .  B r a c t s  br ightly  c o l o r e d ,  o ften red .  P s e u d o s t e m s  
c o m m o n l y  l e s s  than three  m e t e r s  high.

S ec t ion  RHODOCHLAMYS
B. C h r o m o s o m e  n u m b e r  x=10. B r a c t s  plane, f i r m  in texture ,  
p o l i sh e d  on the outs ide ,  r a r e l y  o r  n e v e r  g laucous ,  s trong ly  im b r i c a t e  
in the bud, not o r  s l ight ly  r e vo lu te  on fading.

3. Seeds  s u b g lc b o s e  o r  m o r e  o r  l e s s  d o r s iv e n t r a l l y  c o m p r e s s e d ,  
smooth ,  s tr iate ,  tubercu late ,  o r  i r r e g u l a r l y  angulate ,  with a 
m a r k e d  or  o b s o le t e  um bo opposite  to the he l ium  c o r r e s p o n d in g
to a sm a l l  p e r i s p e r m  c h a m b e r  within.

S ect ion  A U S T R A L IM U S A '
4. Seeds  c y l in d r i c a l ,  b a r r e l - s h a p e d ,  or  t o p -s h a p e d ,  m a r k e d  
ex terna l ly  by a t r a n s v e r s e  l ine or  g r o o v e ,  above  which  they 
a r e  w arted ,  tubercu late  o r  v a r i o u s ly  patterned, be lo w  usually  
s m ooth ;  internal ly  with a w e l l -d e v e l o p e d  p e r i s p e r m  c h a m b e r  
above  the s a m e  l ine,  this ch am ber  em pty  in the r ipe  seed .

S ect ion  C A LL IM U S A

A P P E N D IX  1. . S ect ion s  o f  the Genus M u s a .

1. S im m o n d s  1962.
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C h a r a c te r

C h a r a c te r s  U sed  in T a x o n o m i c  S c o r in g  o f  Banana C u lt ivars  —

M .  acum inata  M .  ba lb is ian a

A P P E N D IX  2.

P s e u d o s te m  c o l o u r  

P e t i o la r  canal

M o r e  or  l e s s  heav i ly  m a r k e d  
■with bro'wn o r  b la c k  b lo t ch e s  
M arg in  e r e c t  o r  spread ing ,  with 
s ca r i o u s  w ings  be low ,  not c l a s p 
ing p s e u d o s t e m

B lo t c h e s  sl ight  o r  absent

M a r g in  in c l o s e d ,  not w inged  
be low ,  c la sp in g  p se u d o s t e m

P edunc le
P e d i c e l s

Usually  downy o r  ha iry  
Short

G labrous
Long

Ovules Tw o  r e g u la r  r o w s  in each  lo cu lu s F o u r  i r r e g u l a r  r o w s  in each  
locu lus

B r a c t  shou lder  
B r a c t  cur l ing

B r a c t  shape

B r a c t  apex

Usually  high ( ra t io  < 0 . 2 8 )  
B r a c t s  r e f l e x  and r o l l  b ack  
after  opening
L a n ceo la te  o r  n a r r o w ly  ovate ,  
tapering sharp ly  f r o m  shoulder  
Acute

Usual ly  lo w  ( ra t i o  > ■ 0 .  30) 
B r a c t s  l i ft  but do not ro l l

B r o a d ly  ovate ,  not taper ing
sharply
Obtuse

B r a c t  c o l o u r  

C o lo u r  fading

Red, dull  purp le  or  y e l l o w  outs ide ;  
pink, dull  purp le  o r  y e l l o w  ins ide  
Inside b r a c t  c o l o u r  fad e s  to  y e l l o w  
towards  the b a s e

D ist inc t ive  b r o w n i s h - p u r p l e  
outs ide ;  b r igh t  c r i n s o n  ins ide  
Inside b r a c t  c o l o u r  continuous 
to base

(J)
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A P P E N D IX  2. (con tinued)

C h a ra c te r M .  acum inata M .  b a lb is ian a

B r a c t  s c a r s P r o m in e n t S c a r c e l y  p r o m in e n t

F r e e  tepal  o f  m a l e  f l o w e r V a r ia b ly  c o r r u g a t e d  be low R a r e ly  c o r r u g a t e d
tip

M a le  f l o w e r  c o l o u r C r e a m y  white V a r ia b le  f lushed  with pink
Stigma c o l o u r O range  o r  r i c h  y e l l o w C r e a m ,  pale  y e l l o w  o r  pale

pink

O'



A P P E N D IX  3. H awaiian  V a r ie t ie s  o f  M usa.
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M a o l i  G roup: V a r ie t i e s  o f  the M a o l i  group  have unusual ly  la r g e  
plants requ ir ing  grea t  quantities  o f  m o i s t u r e  and pro te c t io n  f r o m  
the wind. The bunches  of  fru it  a re  la rge  and c o m p a c t ;  individual  
f ru i ts  a r e  long, w e l l - f i l l e d  to the ends, and c o v e r e d  with thick, 
heavy skin, which ,  on r ipening,  turns to a r ich ,  waxy y e l l o w  c o l o r .  
The p e d ice l  is long and the f l e s h  is y e l l o w .  F l o r a l  .parts a r e  s lightly 
t inged with pink. The  v a r i e t i e s  a re :  M a ia m a o l i ,  Hai,  Haikea, 
Maniula ,  Kaualau, E le e le ,  K oae ,  Mahoe,  Puhi,  Eka, and Iho -u .

Iholena G r o u p : V a r ie t i e s  of  the Iholena group  are  identi f ied  by 
the ir  e r e c t  trunks,  long a r c h e d  fruiting s te m s ,  and sm a l l  o r  naedium 
s iz e d  bunches ,  r a r e l y  weighing o v e r  50 pounds.  Individual fru its  
stand out at n ear ly  right ang les  to the s tem ,  and usually  a re  angular ,  
taper ing  toward  the apex ;  the skin is thick and y e l l o w  at maturity ,  
the f l e s h  is o f  l ight pink sa lm on  c o l o r ,  and the ra ch is  is rather  long . 
The f l o w e r s  a r e  white o r  c r e a m  colore*^. ' ' ' 'arieties inc luded  are :  
Iholena, Kapua, and L e le .

P o p o ulu G roup:  V a r ie t i e s  o f  the Popoulu  group  a r e  c h a r a c t e r 
i z e d  by their  m e d iu m  height and co m p a c t  bunches  o f  fru it ,  the 
f in g e r s  of  w hich  are  short  and thick, without ang les ,  and set at 
r ight  ang les  to the ax is  of the bunch. At  full  m atur i ty ,  the skin is 
v e r y  thin and the pulp is a l ight sa lm on  c o l o r .  Included in this group 
a r e :  popoulu,  Kaio ,  and M oa.

2. P o p e  1926.
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