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w i t h  7 (figure, h) are w i t h o u t  it. Whi le  meiosis-I  is re- 
duc t iona l ,  meios is - I I  is e q u a t i o n a l  b o t h  for t he  au tosomes  
a n d  t he  sex-chromosomes .  
Al lodah l ia  m a c r o p y g a  (Westwood)  has  t he  lowest  n u m b e r  
of ch romosomes  of a n y  species  be long ing  to the  f ami ly  
Forf icu l )dae  t h a t  h a s  been  s tud ied  cyto logica l ly  so far. 
Thus ,  A. m~cropyga  differs  m a r k e d l y  not  only  f rom the  
r e s t  of t he  forf icul ids b u t  also f rom i ts  congener ic  forms in 
h a v i n g  15 (16) c h r o m o s o m e s  while  t he  o the r s  h a v e  24 2-1~ , 
excep t  F. s m y r n e n s i s  which  ha s  on ly  21 c h r o m o s o m e s  in 
t h e  male  11. This  s ign i f i can t  di f ference in the  n u m b e r  of 
c h r o m o s o m e s  f u r t h e r  f avours  t h e  exclus ion of A. macro -  
p y g a  f rom the  genus  For f i cu la  a n d  i ts  inc lus ion  in Allo- 
dah l ia ,  as has  been  done  b y  B u r r  13, K a p o o r  14 and  m a n y  
o the r s  on  t a x o n o m i c a l  g rounds .  However ,  to  e s t ab l i sh  
t he  moda l  n u m b e r  of c h r o m o s o m e s  for t he  genus  A l l o -  
dahl ia ,  more  species are r equ i red  to be worked  ou t  cy to-  
logically.  
The  u n i q u e  fea tu re  of A. m a c r o p y g a ,  is t he  possess ion of 
a n  X O  t y p e  of s e x - d e t e r m i n i n g  m e c h a n i s m ,  w h i c h  ha s  n o t  
ye t  been  r epo r t ed  in a n y  of t he  D e r m a p t e r a ,  excep t  t h a t  

W h i t e  15 m a d e  a pass ing  reference  to t h e  ex is tence  of X O -  
males  in  an  A u s t r a l i a n  species of t he  genus  L a b i d u r a  
s tud ied  b y  W e b b  ( t )npubl ished) .  B y  con t ras t ,  the  occur-  
rence  o f  X Y / X X  2-1% X X Y / X X X  5-s a n d  X Y Y  8 ha s  been  
recorded  in a n u m b e r  of species of t he  earwigs.  
H e n d e r s o n  ~ po in t ed  ou t  t h a t  s e x - d e t e r m i n a t i o n  in ear- 
wigs is n o t  of the  X : a u t o s o m a l  ba l ance  t y p e  as found  in 
Drosophi la ,  b u t  of t he  t y p e  found  in m a m m a l s  where  t he  
Y - c h r o m o s o m e  has  male  d e t e r m i n i n g  ac t iv i ty .  His  con-  
c lus ion was based  on  t he  m a i n t e n a n c e  of t he  ma le  p h e n o -  
t y p e  in t h e  ind iv idua l s  of F. aur icu lar ia ,  wh ich  possess X Y ,  
X 1, X 2, Y or X Y Y  sex-chromosomes .  Since a n  X O - m a l e  
m e c h a n i s m  exis ts  in  A. mac ropyga ,  i t  seems to  be  more  
a d e q u a t e  to  suspec t  d e t e r m i n a t i o n  of t he  X : a u t o s o m a l  
ba l ance  t y p e  as in  Drosophi la .  

13 M. Burr, in: Fauna of British India, Dermaptera, p. 151. 1915. 
14 V.C. Kapoor, Agra Univ. J. Res. (Sei.) 16, 28 (1967). 
15 M.J .D .  White, Chromosoma, Berl. 34, 183 (1971). 
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Summary. Screening  for p r o t e i n  c o n t e n t  in  some wild species of M a n i h o t  showed  2 of t h e m  to  h a v e  a n o t a b l y  h i g h  
p e r c e n t a g e  of p ro t e i n  on  d r y  m a t t e r  basis.  Moreover ,  one of these  h i g h - p r o t e i n  wild species was found  to be  e x t r e m e l y  
sweet .  

Cassava,  a s t ap le  crop t h a t  t akes  the  7 th  r a n k  all  over  t he  
world,  r ep resen t s  a n  i n a d e q u a t e l y  exp lored  source for 
n u t r i t i o n .  I t s  ab i l i ty  to  grow in s u b - o p t i m a l  cond i t ions  
offers i t  a c o m p e t i t i v e  s upe r i o r i t y  ove r  all  o the r  s t ap le  
food crops  in u n d e r d e v e l o p e d  na t ions .  Cassava  ha s  va r ious  
food forms which  are well  e s t ab l i shed  in t he  c o n s u m p t i o n  
h a b i t s  of t he  people  b u t  which  are  u n f o r t u n a t e l y  cha rac -  
t e r i zed  b y  the i r  low p r o t e i n  c o n t e n t .  I f  var ie t ies  w i t h  
h ighe r  p ro t e in  c o n t e n t  could be  developed,  t h i s  would en- 
h a n c e  t he  va lue  of c a s s ava  as a food o r / a n d  a n i m a l  feed. 
E f fo r t s  h a v e  been  m a d e  in t he  p a s t  to  increase  t he  p ro t e in  
c o n t e n t  of ca s sava  roo ts  b y  in terspeci f ic  h y b r i d i z a t i o n  
w i t h  a wild  species k n o w n  for i t s  h igher  p r o t e i n  c o n t e n t  2. 

�9 Th i s  ra ised  an  inc reas ing  i n t e r e s t  in  looking for wild  
species, col lec t ing t h e m  a n d  screening  t h e m  for p ro t e in  
con t en t .  
A m o n g  some wild species c o l l e c t e d  f rom Goias s ta te ,  
Brazi l ,  4 species were s h o w n  to  fo rm tubers .  These  species 
were screened for t u b e r  fo rma t ion ,  f ibre  and  p r o t e i n  con-  
t e n t .  T h e y  are :  M. o l i g a n t h a  p a x  emend .  Nassa r  subsp.  
nestel i ,  col lected f rom Cr i s ta l ina  (figure 1); M. t r i p a r t i t a  
Muell.,  col lected f rom Serra  Dourada ,  mun ic ipa l  Goian ia  
(figure 2); M. z e h n t n e r i  Ule, col lected f rom Goianes ia  
(figure 3), a n d  M. a n o m a l a  Pohl ,  col lected f rom road  
G o i a n i a - I n h u m a s  (figure 4). These  species differed largely  
in  t u b e r  f o r m a t i o n  p a t t e r n  a n d  t u b e r  con ten t .  M. oli- 
g a n t h a  subsp,  nes te l i  fo rms  a b u n d a n t  cy l indr ica l  tube r s ,  
superf icial ,  a b o u t  10.0 to  30.0 cm d i s t a n t  f rom g r o u n d  
surface,  e x t e r n a l  color of t u b e r s  is d a r k  b rown,  surface  is 
rough,  co r t ex  is whi te .  M. t r i p a r t i t a  fo rms  e x t r e m e l y  
g lobosus - shaped  tube r s ,  deep  in t he  g r o u n d  a t  a d i s t ance  
of more  t h a n  50.0 cm f rom g r o u n d  surface,  e x t e r n a l  color 

is l i gh t  b rown,  surface  is smooth ,  cor tex  c reamy.  M. 
a n o m a l a  f o r m s  superf ic ia l  t u b e r s  d i s t a n t  a b o u t  20 .0-  
30.0 c m  f rom g r o u n d  surface,  ova l - shaped ,  w i t h  r o u g h  
surface  a n d  l igh t  b rown  yel low color, cor tex  is c reamy.  
M. z e h n t n e r i  fo rms  cy l indr ica l  to  oval  tubers ,  v e r y  deep  
in t he  g round ,  a t  a d i s t ance  of a b o u t  50.0-70.0 cm f rom 
g r o u n d  surface,  e x t e r n a l  color is d a r k  b rown,  has  wh i t e  
co r t ex  a n d  rough  surface.  
P r o t e i n  a n d  f ibre were e s t i m a t e d  in t u b e r s  accord ing  to 
AOAC 3 procedure .  C o n t e n t s  were shown  as follows. 

Average protein and fibre content of wild cassava species on a per- 
cent dry matter basis 

Species* Crude protein Crude fibre 

M. oligantha subsp, nesteli 7.10 zk 0.58 26.67 i 4.86 
M. tripartita 6.88 4- 1.48 33.48 4- 6.36 
M. anomala 3.74 4- 0.63 23.44 4- 4.82 
M. zehntneri 3.06 4- 0.82 21.52 q- 4.84 

* 20 tubers of each species were analyzed and replicated 4 times. 

The  compos i t i on  of ca s sava  as r epo r t ed  in t he  l i t e r a t u r e  is 
s o m e w h a t  va r iab le .  Th i s  v a r i a t i o n  comes  f rom t h e  fac t  
t h a t  b i t t e r  cu l t i va t i ons  differ  f rom sweet  ones, n o t  on ly  
in t he  a m o u n t  of H C N  t h e y  con ta in ,  b u t  also in  t h e  pro-  
p o r t i o n  of n u t r i e n t s  (according to Bo lhu i s  4, cu l t iva r s  w i t h  
roo ts  c o n t a i n i n g  less t h a n  50 m g  of H C N  per  kg  are  con-  
s idered sweet) .  However ,  m a n y  repor t s  s t a t e  t h a t  c rude  
p ro t e in  d r y  m a t t e r  r anges  f rom 2.2 in sweet  c a s sava  to  
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2.7% in b i t t e r  cul t ivars ,  f ibre pe rcen tage  ranges f rom 3.1 
to 10.3% ~, ~. One obviously  f inds n o t a b l y  high percen tage  
of p ro te in  in the  f i rs t  2 screened wild species in compar i son  
to cu l t iva ted  cassava.  Some repor t s  have  referred to h igh  
prote in  pe rcen tage  in some cassava  cul t ivars  which  reach  
6 or 7% 5, 7, b u t  indeed  th is  sub jec t  is ve ry  doubt fu l  since 
e s t ima t ion  of to ta l  n i t rogenous  m a t t e r  m u s t  be viewed 
w{th cau t ion  because i t  is no t  ce r ta in  whe the r  the  break-  
down  p roduc t s  of cyanogenic  glucosides enhance  the  t o t a l  
n i t rogen  c o n t e n t  or not .  Nar tyS  showed t h a t  t h e  hydro-  

Fig. 1. M. oligantha subsp, nesteli, whole plant, with inflorescence 
on the right side. 

lyric p roduc t s  of glucosides are incorpora ted  in to  amino  
acids for p ro te in  syn thes i s  in cassava.  Therefore,  i t  is n o t  
unl ikely  t h a t  the  repor ted  cul t ivars  of h igh  n i t rogenous  
c o n t e n t  t u rn  ou t  to  be n o t h i n g  else t h a n  b i t t e r  cultivarS 
wi th  h igh  glucoSide con ten t .  The one va r i e ty  a t t r ac t i ng  
a t t e n t i o n  in t he  ~ screened wild species is M. o l igantha  
subs p. nestel i  due  to  its h igh  pro te in  c o n t e n t  combined  
wi th  a v e r y  to w i~vel o;f H CN 9. The senior au tho r  saw 
cows and  horses  ea t  g reedly  the  vege ta t ive  pa r t s  and  

1 This work is being carried out with the aid of a grant from the 
International Development Research Centre, Ottawa, Canada. 

2 G.G. Bolhuis, Euphytica 2, 107 (1953). 
3 AOAC (Official methods of Analysis of the Association of Agri- 

cultural Chemists), l l th  ed., 1075 p. Washington 1970. 
4 G.G. Bolhuis, Neth. J. Agr. Sei. 2 (3), 176 (1954). 
5' Anonumous 1968. Tabla de composici6n de pastes, forrajes y 

otros alimentos de Centro-Am~rica y Panam~i (tables of com- 
position of pasture grasses, forage plants and other food material 
of Central America and Panama), INCAP Publ. No. E-440. 

6 V, A. Oyenuga, Nigerian feedstuffs, University College, Ibadan 
(1955). 

7 P. Ammann, Aead. Sci., Paris 170, 133 {1920). 
8 F. Narty, Phytochemistry 7, 1307 (1968). 
9 N.M.A. Nassar, unpublished paper (1977). 

a b 

Fig. 2. M. tripartita, a Whole plant, b leaves shape, c tuber formation pattern. 

a b 

Fig. 3. M. zehntneri, a Whole plant, b and c different shapes of leaves. 

a b c 

Fig. 4. M. anomala, a Whole plant, b leaves and inflorescence shape, c tuber formation pattern. 
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tubers  of this  species when grazing in its na tu ra l  habi ta t .  
In  l i terature ,  there  are 2 o ther  wild Manihot  species which 
had been repor ted  to have  high prote in  con ten t ;  M. me-  
lanobasis 10 and M. saxicola 11, bu t  there  is no reference to 
thei r  H C N  conten t ;  consequent ly ,  the  authors  have  no 
idea how much  the  hydro ly t ic  products  of glucosides in- 
terfers wi th  the  to ta l  es t imated  crude protein.  F r o m  the  
first instance,  i t  seems logical to find wild cassava with  

high prote in  content ,  since human  selection has a imed 
cont inua l ly  to select for tuber  size and less fibre, w i thou t  
pay ing  a t t en t ion  to prote in  content .  This  could lead to 
discarding pro te in-producing  genes f rom the cu l t iva ted  
variet ies.  

10 O.L. Jennings, Euphytiea 8, 157 (1959). 
11 J. Lanjouw, Recl Trav. bot. n6erl. 36, 542 (1939). 
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Summary. Hom0gena tes  f rom T. cruzi epimast igotes  produced 3.4 pmoles H202/min 106 cells, as de tec ted  by  the  
cy tochrome c peroxidase assay. Addi t ion  of N A D H  or N A D P H  increased I-I202 product ion  by  a factor of 3 and 5, 
respect ively.  W h e n  supplemented  wi th  N A D H  and N A D P H ,  the  mi tochondr ia l ,  microsomal  and superna tan t  fract ions 
produced H202, the  soluble f ract ion and the  mi tochondr ia l  membranes  being appa ren t ly  the  main  generators  of H,O, .  
The  epimast igote  homogenates  showed cyanide-sensi t ive  superoxide dismutase  ac t iv i ty ,  equ iva len t  to 0.28 ~g bovine  
superoxide d ismutase  per  mg homogena te  protein.  

P roduc t ion  of po ten t i a l ly  toxic  in te rmedia tes  of oxygen  
reduct ion  i n ' c e l l s  and tissues was ear ly  suggested by  
Gerschman et  a l ) ,* .  Expe r imen t a l  conf i rmat ion  of the  
biological  fo rmat ion  of O , -  and H20  2 was la ter  provided  
by  Chance e t  al. s and F r idov ichL  The ep imas t igote  
(culture form) of T rypanosoma  cruzi, the  agent  of Chagas 
disease, conta ins  peroxidaseT, 8, thus  suggest ing t h a t  
H20  ~ is a normal  metabol i te  in this  organism, bu t  so far no 
direct  evidence of H , O ,  fo rmat ion  has been offered. Hydro -  
gen peroxide  is toxic  for t rypanosomes  and, consequent ly ,  
tke  s tudy  of H20  , metabo l i sm holds potent ia l  pha rma-  
cological interest ;  since an  increased in t racel lu lar  level  of 
H , O  2 m a y  be le thal  for T. cruzi*, 1~ 
Materials and methods. The Tulahuen  strain of T. cruzi 
was grown as described before s. Epimas t igo tes  were dis- 
rup ted  by  freezing (at -16~ and thawing  3 t imes.  The .  

Generation of hydrogen peroxide by T. cruzi fractions* 

Fraction Substrate H~O~ generation 
(percent of the homogenate (nmoles]min mg protein) 
total protein) 

Nuclear-fla~llar(20) Antimycin Antimyein 
omitted added 

NADH 0.77 - 
NADPH 0.14 

Mitochondrial (40) 
NADH 2.35 2.30 
NADPH 0.75 0.70 
Succinate 0.00 0.00 

Microsomal(7) 
NADH 1.18 
NADPH 0.45 

Supernatant(33) 
NADH 4.7 
NADPH 6.0 

*All samples were made of 130 mM KC1, 20 mM phosphate buffer 
(pH 7.2), 0.6 [xM HRP and 0.2-1.0 mg protein/ml. 40 ~M NADH (or 
NADPH), 7 mM suecinate and 1-2 ~M antimycin were added where 
indicated. 

cell  suspension was homogenized by  several  passages 
th rough  a hypodermic  needle, gauge No. 24, a t t ached  to 
a syringe. The homogenates  were suspended in 0.23 M 
manni tol ,  0.07 M sucrose, 1 mM EDTA,10  mM Tris HC1, 
p H  7.2, a t  8.0 mg p ro te in /ml  and f ract ionated in the  Sor- 
val l  RC-2B centr i fuge at  4~ The fract ions ob ta ined  
were:  a) the  nuclear-f lagellar  fraction (sedimented a t  
480 • g for 10 min;  the  fluffy layer was re incorporated to 
the  superna tan t ) ;  b) the  mi tochondr ia l  f ract ion (sedi- 
men ted  a t  12,000 • g for 10 rain); c) the  microsomal  
f ract ion (sedimented at  105,000 • g for 45 min) ;  d) the  
superna tan t .  
N A D H ,  N A D P H ,  xanth ine ,  horseradish peroxidase (EC 
1.11.1.7; H R P )  type  VI,  xan th ine  oxidase,  bovine super-  
oxide dismutase  and D-glucose oxidase were purchased  
f rom Sigma Chemical  Company.  Cytochrome c peroxidase 
(EC 1.11.1.5; CCP) was prepared as described by  Yone-  
tan i  11. 
The  ra te  of H202 generat ion was de termined  spectro- 
photometr ica l ly ,  by  measu r ing  the  format ion  of the  
CCP-HzO, /complex (reaction 1) 

CCP + H~O 2 --> CCP-H~O~ (1) 

and the  H R P - H , O  2 complex  (reaction 2) 

HRP + H,O 2 --> HRP-H20 , (2) 

as described previously12,13. Superoxide dismutase was 
de te rmined  on the  basis of its ab i l i ty  to inhibi t  the  0 2- 
dependen t  adrenochrome format ion  f rom epinephrine,  
using the  xan th ine  oxidase react ion as source of 0 , - ,  as 
described in Cadenas et alA 4. Produc t ion  of 0 2- by  beef  
hear t  submi tochondr ia l  part icles was measured as de- 
scribed by  Cadenas e t  al. 14. 
Pro te in  con ten t  of cell  suspensions and fract ions was de- 
t e rmined  by  the  b iure t  me thod  15 in the  presence of 0.2% 
sodium deoxychola te .  One mg  of epimast igote  to ta l  pro-  
te in  corresponded to  1.7 mg  d ry  weight,  to 12.3 mg wet  
weight  and to 77 • 10 ~ cells. 

Results. Trace  A in figure 1 shows t h a t  addi t ion of CCP to  
respir ing epimast igotes  suspended in saline med ium did 
not  reveal  fo rmat ion  of H , O  2, despite  the  fact  t h a t  l imi t -  
ing amoun t s  of H20  2 formed by  an ext racel lu lar  H , O ,  


