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CV.TQGENETICS OF TH E F i H Y B R II' A t W EEN C A S S A V A -^  ̂  
AND CEARA r u b b e r , AND I 'S^BACKCROSS

(A-—k I n i t i - - -  • '
M. L. M a g o o n , R. K r i s h n a n  an

C e n tra l  T u b e r  C ro p s  R e se a rc h  I n s t i tu te ,  T r iv a n d ru m  10, I n d ia  
{R eceived A p r i l  7 , 1970)

C y to g e n e tic a l s tu d ie s  o f  t h e  F i  h y b r id  b e tw e e n  th e  c o m m e rc ia lly  c u l t i ­
v a te d  tu b e r  c ro p , c a s s a v a  (M a n ih o t escu len ta  Crantz.) a n d  th e  c lo s e ly  re ­
la te d  w ild  sp e c ies M a n ih o t g la z io v ii  M u e l l .  (C eara  ru b b e r)  u se d  a s  d o n o r  
sp e c ie s  fo r  " C a ss a v a  m o sa ic "  d ise ase  a n d  d ro u g h t- r e s is ta n t  g en es a n d  b a c k  
c ro sses ( to  c a s s a v a  p a r e n t)  w ere  m a d e . T h e  c o n tr a s t in g  p a r e n ta l  c h a ra c te r s  
sh o w ed  p a r t i a l  t o  t o ta l  d o m in a n c e  in  th e  F i  h y b r id , w h ile  th e  b a c k  cro ss 
p la n t s  w ere  s im ila r  t o  c a s s a v a  in  m o s t  o f  th e i r  c h a ra c te r s .  E le v e n  of th e ' 
tw e lv e  b a c k c ro s s  p la n ts  e x h ib i te d  re s is ta n c e  t o  " C a s s a v a  m o sa ic "  u n d e r  
fie ld  con^^ tions . K a ry o lo g ic a l s im ila r i t ie s  a n d  d iffe ren ces  a s  re so lv e d  o n  th e  
b a s is  of*a c o m p a ra tiv e  s tu d y  o f  th e  k a ry o ty p e s  o f  th e  c a s sa v a  p a r e n t  a n d  
c e a ra  ru b b e r  w ere  c o r ro b o ra te d  b y  th e  s tu d y  o f  c h ro m o so m a l p a ir in g  in  th e  
F x  a t  p a c h y te n e . M a jo r  c liro m o so m a l d if fe re n tia t io n  in  t h e  tw o  species 
in v o lv e d  th r e e  c h ro m o so m es o f  th e i r  h a p lo id  c o m p le m e n t w h ic h  w e re  r e ­
p r e s e n te d  b y  th re e  h e te ro m o rp h ic  b iv a le n t  a s so c ia tio n s  in  F i  e a c h  c o n s is tin g  
o f  a  p ro b a b ly  \;a sic  ch ro m o so m a l ty p e  a n d  a  d e r iv e d  ty p e . P a c h y te n e  a n a ­
ly se s  o f  th r e e  b a c k  c ro ss  p la n t s  p ro v id e d  d i r e c t  p ro o f  fo r  r a n d o m  t r a n s ­
m iss io n  o f  m a rk e r  ch ro m o so m es of b o th  t h e  p a r e n ts  th ro u g h  m a le  g a m e te s  
o f  t h e  F i  h y b r id . A n  in c re a se  in  th e  c h ia s m a  fre q u e n c y  in  th e  b a c k  c ro ss  
p la n t s  o v e r  th e  F i  h y b r id  a t  i | ie ta p h a s e  I  s ta g e  w a s  a lso  o b se rv e d . P o lle n  
f e r t i l i ty  o f  th e  b a c k c ro ss  p la n ts  sh o w e d  c o n s id e ra b le  v a r ia t io n .

Introduction

Manihot glaziovii M u e l l .  (Ceara rubber) has been used in cassava 
[Manihot esculenta C r a n t z . )  breeding programmes as donor of genes 
conferring resistance to ‘ Cassava mosaic” disease and drought. Even 
though successful hybridization of the two taxa has been reported by 
several workers, intensive cytological studies of the F i hybrid to 
bring out the nature of chromosomal differentiation in these two 
species have not been carried out (see for reviews, M a g o o n  et al., 
1966; M a g o o n  , 1967 and 1968). W ith the recent success in the identifi­
cation of all the 18 haploid chromosomes of the pachytene complement 
of M . esculenta ( M a g o o n  et al., 1969) and M . glaziovii ( K r i s h n a n



et al., 1970), it is now possible to  investigate the pairing behaviour of 
individual chromosomes of the parental complement in the F i hybrid 
and the backcrosses. The present paper reports the results of such 
studies carried out on the F i of M . esculenta X M . glaziovii and its 
backcrosses to cassava. ;

Materials and Methods

The F i of M . esculenta X M . glaziovii used in this study was 
produced earlier by M a g o o n  et al., (1966). The hybrid was backcrossed 
as female and as male parent to  cassava. Of the 214 F i flowers polli­
nated with cassava pollen, 53 (24.8%) set fruit, which a t m aturity  
gave six seeds. None of these six seeds, however, did germinate. In 
the reciprocal crosses, 54 out of 198 cassava flowers poUinated with 
F i pollen, set fruit (27.3 percent), yielding at m aturity  31 seeds. 
Thirteen backcross plants were raised from these seeds and were 
vegetatively multiplied in experimental plots along with the F i 
hybrid and tlie parents. A ttem pts to backcross the F i hybrid with 
M . glaziovii were unsuccessful.

Cytologica! studies of the cassava parent, Acc. No. CTCRI-155, the 
F i hybrid and the backcross plants were conducted adopting the 
technique employed for the study of the pachytene chromosomes of 
cassava (Magoon et a!., 1969). Pollen fertihty was assayed on the 
basis of iodine stainability of pollen.

Observations

MORPHOLOGY

The contrasting characters of the parents, F i and backcross plants 
are given in Tables 1 and 2. The F i hybrid was intermediate in some 
morphological features: stem shape, nodal swelling, flower and fruit 
size etc. The morphological characters of the cassava parent: leaflet 
number, phyllotaxy and the discrete nature of disc were dominant in 
the F i. The backcross plants resembled the parents and the F i in one 
or more characters (Table 1) and showed increased pollen fertility 
over the F i (Table 4).



T A B L E  1

CHARACTERS OF PARENTS. F i  HYBRID AND BACK CROSS PLANTS (INDICATED AS 
n u m b e r )  o f  THE CROSS. M .e s c u U n ta  x M . g la tio v ii  '

C h a ra c te r M . esculenta  
(Pi)

F i  h y b r id M . g la zio v ii
(P»)

B a c k  cro ss 

p a r e n ta l ,  F j  P la n t  N o . 
o r  o th e r  ty p e

sh a p e  o f  s te m rid g e d s lig h tly ro u n d P i 2. 3. 5 . 6. 11
rid g e d F i 1. 4. 7. 9

P i 8 . 10
s tip u le  b a se sw ollen s l ig h tly n o t P i 2 , 3 , 8. 10, 11

sw ollen sw o llen F i I. 5. 6, 7, 9
P a 4

node sw ollen slig h tly f la t P i 1 ,2 , 3 , 5 , 6 , 8, 10, 11
sw ollen F i 7. 9

P s 4
p h y l lo ta x y : 1/5 1/5 1/3 1/5 3 . 4. 5, 9, 10. 11;
a l te r n a te  + 1/4 1. 7

1/3 6. 8 ;
1/8 2

o v a ry  d isc d isc re te d isc re te c o n flu e n t P i  a n d  F i 1. 5 . 7, 9, 10, n
w ith
o v a ry

fru it w in g ed w inged n o t  w inged P i  a n d  F i 1. 3 . 5 , 7. 9, 10, 11
f ru it  size sm a ll la rg e la rg e P i 3 , 7, 11

F i a n d  P a I. 5. 6, 9 . 10
po llen low 2 5 .0 -5 0 .0 1, 2 , 5, 6 . 7, 9. 10
f e r t i l i ty  (% ) 5 1 .0 -7 5 .0 3
d isease su s c e p tib le r e s is ta n t re s is ta n t re s is te n t 1 ,2 .3 ,4 .5 .6 ,7 .8 ,9 ,1 1
re a c tio n su sc e p tib le 10

CYTOLOGY

The pachytene karyology of the M . glaziovii parent used in the 
present study has been analysed earher (K rish n an  et al., 1970). Of 
M . esculenta, pachytene has been analysed previously only for another 
cultivar (Acc. No. CTCRI S-2371). I t  was necessary, therefore, to 
analyse also the pachytene karyotype of the M . esculenta cultivar 
(Acc. No. CTCRI-155) used as parent of the present hybrid. The 
karyotypes of the two cultivars were not found to differ. Karyotype 
as well as pairing behaviour at pacliytene were worked out in detail 
for the hybrid and three backcross plants; Nos 3, 5 and 6. Metaphase I



TABLE 2

FREQUENCY OF LEAVES WITH DIFFERENT NUMBER OF LEAFLETS, AND AVERAGE 

NUMBER OF LEAFLETS PER LEAF. ( %  IN PARENTHESES)

P lan t

, ,  . Total No.
Frequency of leaves w ith leaflets No. of leaflets igaves

2 3 4 5 6 7 Average Range

Ceara
rubber 38 16 202 13 135

(9.4) (4.0) (50.0) (3.2) (33.4)

F i 4 — 108 10 759 — 30
(0.4) (H.9) (1.1) (83.3) (3.3)

Cassava 2 - 36 16 431 11 104

(0.3) (6.0) (2.7) (71.8) (1.8) (17.3)

Back cross 
P lan t 1 18 7

(14.9) (5.8)
2 -  -

3 19 8
(4.8) (2.0)

4 1 -
(0.7)

5 85 56
(6.3) (4.1)

6 12 6
(8.8) (4.4)

7 - 4  3
(3.8) (2.8)

8 19 7
(18.1) (6.7)

9 80 65
(5.4) (4.4)

10 69 46
(6.4) (4.3)

U -  -

94
(78.3)

9
(3.5)
139

(35.4) 
67

(45.6) 
1189
(87.7) 

119
(86.9)

91
(85.8) 

79
(75.2)
1272
(86.0)

938
(86.8) 

85
(43.8)

1
(0.8)

2 45 3 198
(0.8) (17.5) (1.2) (77.0)

-  170 17 40
(43.3) (4.3) (10.2)

7 72
(4.8) (49.0) -

10 17
(0.7) (1.3)

2 6
(1.9) (5.7)

17 45
(1.1) (3.0)

-  27
-  (2.5)
15 94

(7.7) (48.5)

3.5 1-5. 404

.5.0 .1-7 911

5.0 1-7 600

2.7 1-4 120

6.5 3-7 257

4.3 1-7 393

4.0 1-5 147

2.9 1-5 1356

2.8 1-3 137

3.0 1-5 106

2.6 1-3 105

2.9 1-5 1479

,2.9 1-5 1080

4.0 3-5 194

and tetrad  stages were studied in backcross plants 1, 3, 5 and 6. The 
length of the bivalents a t pachytene of M . esculenta ranged from
21.2 (I to  36.5 tJL. Among the seven metacentric chromosomes (II, V, 
VI, X, X I, X II and X V III), chromosomes VI and X I carry a telo-



chromomere in one of the arms. In  both the arms of chromosome 
X V III telochromoraeres are present, and one of the arms is totally 
heteropycnotic. The three nucleolar chromosomes of the complement, 
chromosomes IV, IX  and XV belong to the submetacentric group 
(others being I. I l l ,  V II, V III, X III, XIV, XVI and XVII) and are 
found in association with the nucleolus. Chromosomes I, V III and 
X III, bear a telochromomere in their short arm. The short arm of 
chromosome VII is totally heteropycnotic.

A comparative study of the pachytene karyology of M . glaziovii 
and M . esculenta presents an overall similarity in the morphology of 
most of the chromosomes of the two taxa. However, the following 
differences are noted. The longest chromosome of the complement 
(chromosome I) in M . glaziovii is metacentric as also chromosome II, 
while chromosome I of M . esculenta is submetacentric. M . glaziovii 
has six metacentric chromosomes namely chromosomes I, II, VII, IX, 
X and X I in contrast to seven such chromosomes present in M . 
esculenta. Two of the metacentric chromosomes namely chromosomes
II and IX ,bear a telochromomere each and a chromosome correspond­
ing to chromosome X V III of M . esculenta with heteropycnotic arm 
is absent. The three nucleolar chromosomes in both the taxa correspond 
in their general morphology, but two of them differ in their relative 
position in the karyotype. In M . glaziovii they are chromosomes VI, 
X II and XV, The M . glaziovii complement has two submetacentric 
and telochromomere-bearing chromosomes, chromosomes IV and V 
and lacks the third chromosome present in M . esculenta. The M . 
glaziovii karyotype has an additional heteropycnotic short-armed 
chromosome and thus three chromosomes (III, X I and X V III) belong 
to this category.

In the F i hybrid, the pachytene bivalents range in length from
35.3 fi, to 15.3 (X. Tlie mean total chromatin length of the F j nuclei 
(421.7 (i) was lower than th a t of the two parents (Af. esculenta =  505.0 
(X and M . glaziovii =  527 A \i). The difference is larger than can 
reasonably be attributed to differences in stage of pachytene. The 
parental chromosomes, in general, exhibited to tal synapsis along 
their entire length and only three bivalents were heteromorphic. 
Except in the case of the la tter and of the bivalent involving chromo­
somes X V III of M . esculenta and Af. glaziovii, chromosomal associ­
ations in the F i included chromosomes belonging to similar arm ratio



Figures 1 to  6. Pachytene in the F i  hybrid. M .  e s c u U n ta  x  M .  g la x w v ti .

Figure 1. Nucleus w ith 17 of the 18 bivalents; IV  no t included. Note association 
of three nucleolar chromosomes. H eterom orphic bivalents indicated (VI, V III 

and XV), b u t no t very  clear a t  th is magnification ( x  1250).

Figure 2. B ivalent I w ith telochromomere in short arm . x  2200.

F ig u res. B ivalent X V III w ith telochromomere ( |)  in short arm . X 2200.

Figure 4. B ivalent IV. N ote excentric a ttachm ent of accessory nucleolus (arrow)
X 2200.

Figure 5. H eteiom orphic bivalent. VI. N ote the presence of telochromomere 
(arrow) in one of the homoeologues. X 2200.

Figure 6. H eterom orphic bivalent. XV. One of the homoedlogues w ith hetero- 
pycnotic short arm  (arrow). X 2200-



groups (Figure I). The chromosomal complement consisted of six 
metacentric and 12 submetacentric chromosomes which are numbered 
in the order of decreasing length. The longest bivalent of the Fi 
hybrid (I), unlike th a t of Af. glaziovii is submetacentric and bears a 
telochroraomere in its short arm (Figure 2). The homoeologues in tliis 
association are chromosome I of M . esculenta and chromosome V of 
M . glaziovii. The shortest bivalent of the F i complement is sub­
metacentric and carries a telochromomere in its heteropycnotic short 
arm (Figure 3). The homoeologues of this bivalent are chromosomes 
X V III of M. tsculenta and X V III of M . glaziovii. Chromosome X V III 
of M . esculenta is a metacentric chromosome with telochrqmomeres 
in both its heteropycnotic and non-heteropycnotic arms. Chromosome 
X V III of M . glaziovii is a submetacentric chromosome carrying a 
telochromomere only in its heteropycnotic short arm. In the longest 
metacentric bivalent of the F i (IV), chromosome V of M . esculenta 
and chromosome I of M . glaziovii are associated. Both these chromo­
somes are known to organize accessory nucleoli near tlieir centromeres. 
In the Fi, however, only one of the homoeologues seemed to organize 
an accessory nucleolus as could be deduced by the excentric attach­
ment of the accessory nucleolus to the bivalent (Figure 4). Tliree 
heteromorphic bivalents, VI, V III and XV were detected a t pachytene 
(Figures 1, 5 and 6); one of the partners in each case is characterized 
by a heteropycnotic short arm (Figure 6). In case of heteromorphic 
bivalents VI and V III, the other partner carries a telochromomere 
in the short arm. Tlie two telochromomere-bearing chromosomes of 
tliese bivalents are derived each from one of the parents, as are the 
chromosomes carrying the heteropycnotic short arm. In case of 
bivalent XV, the homoeologue with heteropycnotic short ann  is 
chromosome X I of M . glaziovii.

All the three nucleolar chromosomes of the parents are functional 
in the F i hybrid (Table 3).

In the three backcross plants of which pachytene was studied (plants
3, 5 and 6) chromosome paking at pachytene was complete. The total 
chromatin length is 463.0 (a, 505.4 (a and 474.8 (jl respectively. Bivalent 
length and arm ratio for the bivalent corresponding to bivalent X V III 
of the F i hybrid are given in Table 4 along with the values recorded 
for this type in the F i and tlie parents. In plant No. 6 this bivalent is 
similar to that of M . esculenta and in plants 3 and 5 -it is similar to



TA B LE 3

LENGTH AND ARM RATIO OF THE PACHYTENE BIVALENTS OF THE F i  HYBRID, 
M . escu len ta  X M . gleuiovii

B ivalent
Total 

length (in |x)
Arm
ratio

B ivalent
Total 

length (in (i)
Arm
ratio

I 35.3 1:4.1 X • 22.4 1:2.3

±7.1 ± 0 .4 ± 1.2 ± 0.2

I I ' 29.4 1:1.9 X I 21.2 1 : 1.2

± 1.2 ± 0.1 ± 0.6 ± 0.1

I I I  •) 27.9 1:5.0 X II  •) 21.2 1:3.7

± 2 .4 ± 0 .3 ± 2 .4 ± 0.6

IV 27.7 1 : 1.2 X III 20.6 1: 1.1

± 2 .9 ± 0.1 ± 2 .4  •' ± 0.1

V 27.1 1:1.3 X IV ' 20.0 1:1.5

± 1-2 ± 0.1 ± 1-2 ± 0.2

V I •*) 26.9 1 :2.2 X V  ••) 19.4 1 :2.1

± 2 .9 ± 0 .4 ± 1.2 ± 0 .3

V II 24.1 1 : 1.2 XVI 18.5 1:1.4

± 1.8 ± 0.1 ± 1 .4 ± 0.1

V III ••) 24.1 1:2.3 X V II •) 18.2 1:2.9

± 1.2 ± 0.2 ± 2 .4 ± 0 .3

IX 22.4 1 : 1.2 X V III 15.3 1:1.6

± 0.6 ± 0.1 ± 1.2 ± 0.1

•) Nucleolar chromosome.
••) H eterom orphic chromosome: value for the longer of th e  homoeologue.
±  S tandard error.

th a t of the F i hybrid. The heteromorphic bivalent corresponding to 
bivalent XV of the F i hybrid, is present in plant No. 5 and presence 
of one of the heteromorphic bivalent types corresponding to  VI and 
V III of the F i hybrid, is recorded in plant No. 5. Both are present in 
plant No. 3. In plant No. 5 a submetacentric bivalent with hetero- 
pycnotic short arm {similar to chromosome V II of M . esculenta) is 
detected.

Later stages of meiosis were analysed in the backcross plants, Nos. 
1, 3, 5 and 6. The chiasma frequency at metaphase I in these plants 
where eighteen bivalents are regularly formed, along with the values 
reported for the parents by M a g o o n  et al. (1966), is given in Table 4 . 

The chiasma values per cell in the backcross plants are nearly equal 
to  those of the cassava parent. In  plant No. 5 six percent PMCs



T A B L E  4

LENGTH AND ARM RATIO FOR BIVALENT X V II, AT PACHYTENE, AND DATA ON CHIASMA FREQUENCY 
METAPHASE I ,  FREQUENCY OF MICROSPORES AND POLLEN FERTILITY OF PARENTS, F ,  HYBRID 

AND BACK CROSS PLANTS OF THE CROSS BETW EEN M .  e s C U U n ta  X M .  g l o t i o v i i

m icro sp o re  s ta g e  (% )

P l a n t  le n g th  a rm  c li ia sm a ta  tetraHQ TTTa  r ~ : --------  p p llen
(in{z) r a t io  p e r  cell

n o rm a l n o rm a l n o rm a l , Z
n u c le i n u c le i n u c le i (% )

M . escu len ta  •) 2 1 .2 I : 1.3 27 .8
M . g la z io v ii •) 2 1 .2  1I : 2 .0 20.5
F i  h y b r id 15.3 j1 : 1.6 17.3

B a ck cro ss
p la n t  N o . 3 20 .S  1 : 1.7 27 .4

5 17.1 1 : 1.8 23 .3 58 .3 3 7 .2  - 3 .3 1.2
6 8 .2
3 2 .3•> 6 18.2 1 : 1.2 25 .6 76 .0 11.1 2 .3 1.8 7.0 1.8 32.1

24.4 76.7 19.5 - 0.8 1.5 1.5 26 .4

•)  B a se d  o n  d a t a  o f  M a g o o n  e t  a l .,  1966.

exhibited precocious movement of chromosomes. In the four back- 
cross plants a t the end of division, 58.3 to 76.7 percent of PMCs 
produced four microspores and in 11.l to 37.2 percent of the PMCs 
one to  four micronuclei occurred. In addition to these, dyads and 
triads with and witliout micronuclei are observed in a low percentage 
of PMCs (Table 4).

Discussion

Tlie unidirectional nature of crossability, observed in crosses 
between M . esculenia and M . glaziovii {see for review, M a g o o n ,  1968) 
is reflected in the crossabiUty of the F i hybrid which could be success­
fully backcrossed only as male parent to M . esculenia. In 'their ex- 
omorphic characters, vigour and pollen fertility, the backcross plants 
showed variation and resembled the parents and F i in one or more 
characters {Table 1). Although the number of backcross plants is not 
large enough for genetical studies of contrasting parental characters, 
the available data  show clearly the predominance of M . esculenta and 
F i hybrid characters in the backcross plants. In addition to the two



types of parental phyllotaxy (1/5 in M . esculenta and 1/3 in M . gla- 
ziovii) two new types i.e. 1/4 and 1/8 are seen. Another im portant 
exomorphic character studied in the backcross plants relates to the 
differences in the leaflet number of the parents (Table 2). Even though 
the F i hybrid resembles the female parent in this respect, nine of the 
eleven backcross plants are similar to the mate parent in range and 
mean number of leaflets. Tlie correlation of disease reaction and 
exomorphic characters, if any, is not apparent under field conditions 
in the backcross plants. Only one plant, plant No. 10, manifested 
susceptibiUty to "Cassava mosaic" under field conditions. The re­
covery of a m ajority of mosaic resistant plants with predominantly 
M . esculenta characteristics among the backcross plants suggests 
a great possibility of incorporating the disease resistance trait in 
Af. esculenta through repeated backcrossing using M. esculenta as 
recurrent parent (see also Jenn ings, 1957).

Pachytene analysis of the F i hybrid confirmed several of the 
karyological differences estabhshed by comparative karyology of the 
parents. The relative position of the bivalents in the F i karyotype, 
however, often does not correspond with th a t of the homoeologues 
in their respective parental karyotypes. Chromosome I of M . esculenta 
is also one of the homoeologues of the longest bivalent hi the Fi, 
whereas the other homoeologue of this bivalent is chromosome V of 
M  glaziovii. Similarly, the nucleolar chromosomes of the F i hybrid 
are chromosomes H I. X II and XVII, but IV, IX  and XV in M . 
esculenta and VI, X II and XV in M. glaziovii. The M . esculenta and 
F i karyotypes have seven metacentric chromosomes, while M . gla­
ziovii has six metacentric chromosomes. In the F i liybnd, the m eta­
centric chromosome X V III of M. esculenta is found to pair with the 
submetacentric chromosome X V III of M . glaziovii resulting in the 
formation of a submetacentric bivalent with intermediate arm ratio. 
The behaviour of this chromosomal type in the backcross plants is 
discussed in detail elsewhere. Six of the metacentric bivalents in the 
F i hybrid are a result of association of six parental metacentric
chromosome pairs.

The parental karyotypes also differ in the number of chromosomes 
with heteropycnotic short arm. M. esculenta has one such chromosome 
(VII) and M. glaziovii has two (III and XI). Chromosome X V III has 
a heteropycnotic arm in both parents bu t the pairing behaviour of this



chromosome in the I 'l  hybrid will be discussed separately. In tlie Fi 
hybrid the first three do not pair among themselves, but with chromo­
somes bearing distal light-staining regions. These heteromorphic 
bivalents in the F i hybrid are VI, V III and XV. In XV the hetero­
morphic arm remains frequently unpaired even though the other arm 
shows total synapsis. In the other two heteromorphic bivalents (VI 
and VIII), though one of the partners lacks the distal light-staining 
region in an arm and thus is shorter, tlie homoeologues are intimately 
paired and homoniorphic in respect of the paired regions. The homoe­
ologues bearing a heteropycnotic arm can hence be conceived as derived 
types. Since the three derived chromosomal types of the parents bear 
homoeologyto the original chromosomal types in the F i hybrid, the 
independent origin of these types as a result of terminal deletion can 
be adduced. This must have occurred in both taxa, but involving 
different chromosomes.

The pachytene analyses of the tliree backcross plants provide 
evidences for random transmission of at least some of the parental 
chromosomal types through the male gametes of the F i hybrid. The 
bivalent type represented by chromosome X V II1 in the F i was studied 
in several PMCsof the three backcross plants {Table 4). In two of these 
(3 and 5), this type by virtue of its arm ratio is similar to the F i type 
but in plant No. 6, it is similar to that of M . esculenta. On this basis, 
it can be deduced that one of the homoeologues in plant Nos. 3 and 5 
belong to the M . glaziovii parent and was transm itted through the 
male gamete of the F i hybrid. Thus, the inclusion of this chromosomal 
type in the viable male gamete clearly demonstrate^ the random 
segregation and transmission of this parental chromosome. Similarly,
1. the presence iji p lant No. 5 of a chromosome with a heteropycnotic 
short arm corresponding to chromosome VII of M . esculenta, and 2. 
the presence, also in No. 5 of one of the two heteromorphic bivalent 
types VI and V III of the F i hybrid, and 3. the presence of both these 
heteromorphic bivalents in plant No. 3 provide further evidence of 
the random transmission of parental chromosomes in the male gametes 
of the F i hybrid.

T h e  a u th o r s  a re  g r a te fu l  to  M r. C. S . A n t o n i s a m y .  P h o to g ra p h e r -c u m -  
A r t i s t  fo r  h e lp  in p h o to m ic ro g ra p h y  a n d  to  M r. P . V . S u r y a k a r a y a n a n  fo r  
ty p in g  th e  m a n u s c r ip t .
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RELATIONSHIPS OF JU S T IC IE A E  [ACAN TH AC EAE) 
BASED ON CYTOLOGY

P. C. D a t t a  and R. K. M a i t i  

D e p a r tm e n t  o f  B o ta n y , C a lc u tta  U n iv e rs i ty , C a lc u tta -1 9 , In d ia . 
{Received Dec. 2 J, ig 6 p and March g. ig jo )

T h e  c y to lo g y  o f  so m e  sp e c ies  r e p re s e n t in g  th e  su b tr ib e s  Barlerieae, A n - 
drographideae, Eujuslicieae a n d  Dicliptereae o f  th e  Justicieae o f B en th am  & 
H o o k e r, su g g e s ts  t h a t  Barlerieae a r e  t h e  m o s t  p r im it iv e  s u b tr ib e . S e p a ra tio n  
o f  Barlerieae in  E n g le r ’s s y s te m  fro m  th e  t r ib e  Justicieae h a s  b een  s u p p o r te d . 
B u t  s e p a ra tio n  o f  Ecbolium  a n d  Rungia  in  a  d if fe re n t  ta x o n , Odontonemeae 
in  th e  c la s s if ic a tio n  o f  E n g le r  d o es n o t  f in d  ju s t if ic a t io n . T h e  p o s it io n  o f 
liungia  u n d e r  Dicliptereae (B entham  &  H o o k er) is  su p p o r te d .

Introduction

Of the five tribes of Acanthaceae, the tribe Justicieae ( B e n t h a m  &  

H o o k e r , 1873) includes six subtribes, of which Barlerieae, Andro- 
graphideae, Eujuslicieae and Dicliptereae are common in India. Most 
of the species have wide therapeutic application (vide C h o p r a  et al., 
1 9 5 6 ) .

E n g l e r  &  D i e l s  (1936) have placed Barlerieae in a different taxon. 
wide apart from their Justicieae and Andrographideae, by which their 
classification differs markedly from that of B e n t h a m  &  H o o k e r . In 
the system of E n g l e r , Ecbolium and Rungia aro placed in the Odon- 
tonenieae (vide D e  D a l l a  T o r r e  &  H a r m s , 1900-1907) while B e n t ­

h a m  &  H o o k e r  liave placed Rungia under subtribe Dicliptereae and 
Ecbolium under subtribe Eujuslicieae, both under Justicieae.

The present paper is an attem pt to contribute to thesoludonjjf. thfi.. 
taxonomic controversies by utilizing cyt(|idgi^'al p rincip le (SHAfeMAjl 
1964). C;* .......... .

Materials and Metlods
;To.

The following species were collected froi i Calcutta and its suburbs, 
identified by consulting the key of C l a r k i  (idSSJ and the herbarium 
of Calcutta University. Sheet numbers are given in parentheses.




