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INTRODUCTION

_Previous records have shown the possibility of the occurrence of natural cytological
:'variants in several species of the family Commelinaceae. Tn an earlier comununica-
‘tion by the author, the investigations were carried out chiefly on materials collected
from the plains. Hence a study of the different ecotypes within the same species could
not be made. .
. The reports of certain rare cases and the unusual cytological data, presented formerly
Py the senior author (Sharma ,1955) distinctly indicated the scope of cytological study of
ecotypes within this family. In Indian species too, the role of polyploidy and aneuploidy
in the evolution of different forms was clearly indicated. The most interesting fact
éﬁlerging from this paper was the evidence of the presence of individuals with different
chromosome numbers in the same species. |

Encouraged hy these results, the different ecotypes, as well as other species, occurring
1 the temperate and sub-temperate zone of the Himalayas, were collected. The aim
in view was to make a thorough study of the detailed cytology of these different ecotypes
and species. The project was materially helped by the invention of a nwmber of
il}'lpl'oved techniques, recently devised from this Laboratory, eritical enough to bring
- out even the minute chromosomal details.
© In the bresent report, cytological data of eleven different species and ecotypes have
‘__.been incorporated.  This study clearly demonstrates the rale of polyploidy in bringing
f:_.:'a'bout the diversification of the members of this family.

MATERIALS

" The ollowing plants have been used for the present investigation :

L Aneilema herbacewn Wall, Zn = 40;
2. Aneilema spiratum R.Br.. 2n= 20;
3. Aneilema vaginatum R Br. 2m = 40;
4. Chyanotis barbata Don, : 2n = 24;
3. Commelina nudifora 1., Type I . 2n = 28;

6. Commelina nudiflora L., Type II 2n = 56:
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7. Commeling sifkimensis Clarke "2n == 60;
8, Commeling obligua Ham., Type | 2n = 45;
9, Commelina chligua Ham., Type I1 - 2n = 60;
10, Commeling obliqua Harm., Type I1I 2n = G0
11, Streptolivion volubile BEdgew. 20 = 12,

Of these, some plants were collected from the forests of Khumani and Rongo, at
the base of the Himalayas, at altitudes of 2000 to 5000 feet above sea-level. The
remaining plants were collected from the forests near Darjeeling and Sinchal, at alti-
tudes ranging from 6000 to 7000 feet. Tn Gcnenl though differing in preference of

- habitat, they grow in slightly cool areas.
The plants were identified with the help of the authorities at the Herbarinwm, Lloyd

Botanical Gardens, Darjeeling.

METHODS

For a study of somatic division, healthy root-tips were collected from the nodes of
the plants. The root-tips were fixed in Lewitsky’s fluid (Chromic-formalin 1 : 2) for
the preparation of paraflin blocks. Sections were cut 16 thick and Newton’s crystal
violet staining schedule was followed with a mordanting treatment in 19, Chromic
acid overnight prior to staining. o

Tn certain cases, aceto-orcein squashes of the reot-tips were made following paradi-
chlorobenzene treatment (Sharma & Mookerjea, 1955), to obtain well-scattered
metaphase plates.

For a study of meiosis, Hower-buds were fixed in Nawaschir's fluid after pretr eatment
in Semmen’s Carnoy’s fluid.  Paraffin sections 16p thick were cut and stained following
Newton’s Crystal violet schedule.

The drawings were made at a Leitz Ortholux microscope with a 1-3 N.A. Fluorite
objective and X12 compensating eyepiece at a table magnification 2500 approxi-
mately.

Tn the drawings, chromosomes, bearing secondary constrictions or sateliites, have

heen drawn in outline.

O BSERVATIONS
Gawus—Adnsilema

Three species belonging to this genus were worked out. 'The chromosome numbers
are twenty in one and forty in the other two. The chromosomes, on an average, are
short in size. The complement of Aneilema vaginatum is different from the other two in
that it shows marked and abrupt size difference amongst its chromosomes.
1. Aneilema herbacewm Wall. (2n = 40)
Description. Stem erect, stout; leaves large with rounded base, blue flowers borne
_in stout panicles with branches spreading and ascending. The plants were collected
from areas near Rongo, at 4000 to 5000 fect.
The somatic cells of the species show the presence of forty chromosomes in the com-

“plement, as studied from a number of metaphase plates.
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The chromosomes, in general, are short in size. Size difference amangst the chromo-

mes is present, though net very marked, ranging from |- 2x to 3-2. ‘

‘The chromosomes can be divided into three general groups on the basis of their size :
1.-8ix pairs of comparatively long chromnsomes,

"2, Twelve pairs of comparatively medizm-sized chromosomes, and

"3, Two pairs of short chromosomes.

‘f ‘these, eight chromosomes are seea to bear secondary constrictions.

: detaﬂed study of the morphology divides the chromosomes into the following types

. Two pairs of comparatively long chromosomes, cach having two constrictions,
primary and secondary, one nearly median in position and the other located

_nearly at the middie of the slightly longer arm (A).

9. Two pairs of comparatively long chromosomes, each having a nearly median
primary constriction and a satellite at the end of one of the arms (B).

. Two pairs of comparatively long chromosomes with nearly submedian primary
constrictions {C).

. Twelve pairs of comparatively medium-sized chromosomes, with median primary

constrictions (D).

75, Two pairs of short chromosomes with median primary constrictions (E}.

‘A spiratum R. Br. (2n = 20)

Description : Dwarf prostrate plants; hranches short with small sessile leaves; small
Iue flowers bome in terminal or axillary cymes. The plants were collected from .
arjecling at 6000 ft.

The normal somatic complement is found to contain twenty chromosomes. Howf

-ever; cells having varying numbers are also on record.
The chromosomes, i general, are short in size. Size difference among them is
Guite marked ranging from 1-24 to 3:6p. On its basis they can be divided into the
. following groups :
: I. Three pairs of comparatively long chromosomes.

2. Two pairs of comparatively medium-sized chromosomes, and

3. Five pairs of short chromosomes.
“Four chromosomes are seen to bear secondary censlrictions.
A study of the positions of the constrictions, together with the size, divides the chro-
"'-,Il_losomeslinto the following types (Figs. 2 and 2a) :

. 1. Two pairs of long chromosomes, cach having a nearly median primary constric-
o tion and a satellite at the end of one of the arms.  In one pair {A,) the satellites
- ' are attached by satellite threads, while in the other (A;), the threads are absent.
2. A pair of long chromosomes with nearly submedian primary counstrictions (B).
3. Two pairs of medium-sized chromosomes with median to submcdmn pnmaiy

constrictions {C). Co

4. Three pairs of short chromosomes with median primary constrictions (Ib)

R . . . . [ )

5. Two pairsofshort chromosomes with nearly submedian primary constrictions (E).
9 - 4
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Figs. | and la. Awueilema herdacsum normal somatic metaphase (Zn = 40) and idiogram respectively.

 Fig. 2, 2a and 3. 4. spiratum, normal sematic metaphase (2n = 20), idiogram and variation metaphase ‘
with 18 chromosomes respectively.

Figs. 4—ta. 4. vagingtwm normal somatic metaphase (2n == 40) idiogram respectively.

Figs. 5-8. Cyanotis barbata (2n = 24)—meiotic stages (vide text).
G
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‘In addition to the. normal complement, somatic nuclel having eighteen
hromosomesare also onrecord (Fig. 3). Here only one chromosome of type A is present,
Th;s set has probably arisen from the normal one through the loss of two satellited
hiomosomes by non-disjunction and amphiplasty of another satellited member.

" Aneilema vaginatum R. Br.

Description :  Long slender stem with subercct branches; leaves long, linear; blue
o'-_\"x_rers with pedicels twice jointed in the middle, in axils of erect lanceclate bracts.

‘The plants were collected from wet localities near Khumani, about 1000 to 2000 feet

ove sea-level.
Forty chromosomes are present in the normal somatic complement of the species.
he chromosomes are medium to short in size in general,
Sizc_ difference among the chromosomes is very marked, ranging from 1-24 to 5-3p.
n its basis the chromosomes can be divided mto the following three distinct groups
1 Four pairs of comparatively long chromosomes.
. Six pairs of comparatively medium-sized chromosomes, and,
' 8. Ten pairs of short chromosomes. Eight of these arc seen to bear sccondaly
constrictions, ‘
A detailed study of the morphology, together w1ch the relative size, divides the chro-
nosomes into the following types (Figs. 4 and 4a} :
1. Two pairs of comparatively long chromosomes, each having two constrictions,
primary and secondary, one nearly submedian in position and the other located
in the middle of the shorter arm (A).
. Two pairs of comparatively long chromoesomes with submedian primary constric-
tions (B). :
. Four pairs of comparatively medium-sized chromosomes with median to sub-
mnedian primary constrictions (C).
+. A pair of comparatively medium-sized chromosomes, each with a submedian
primary constriction and a satellite at the end of the lopger arm (D).
- A pair of comparatively medium-sized chromosomes, each having two con-
sirictions, primary and secondary, onc median and the other submedian in
position (E).
5. Ten pairs of comparatively short chromosomes with median primary constric-
tions (F). '

Grnus—Cyanotis

- Only one species could be studied.

"4 Cyanotis barbata Don.

"Description:  Stems slender, branched, creeping; leaves sessile, ciliate, cobwebby

bel_leath; bracts much longer than the scorpicid cymes.

'The plant was coliected near Rongo at an altitude of 4000 fect.

: The somatic complement could not be studied due to the scarcity of healthy root-tips.
Meiotic studies showed the 2n number to be twenty-four. Meiosis was found to be
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regular with the formation of twelve bivalents at diakinesis and first metaphase (Figs. 5
gs.

& 6) and clear twelve and twelve segregation at second metaphase (Figs. 7 & 8).

Genvs—Commeling

Six distinct types, distributed amongst three species, of this genus were collected from”
different localities.

The chromosomes, on an average, arc of medium size,

a. Commeling nudiflora L.

ety e . 1% T - 23 o I - -
Description @ Creeping herbs with long leaves having acute apices; blue flowers

borne in cymose inflorescence enclosed in funnel-shaped spathe.
5. (. nudiflera L., Type I {3n = 28)

These plants were collected from wet localities near the forests of Khumani at an alti-
tude of 1000 to 2000 feet. )

The somatic complement of the species is composed of twenty-eight chromosomes. The

chromosomes, on an average, are of medium size.  Size difference is not very marked, -
the length of the chromosomes ranging from 324 to 0-6p. Secondary constrictions .
could mot be brought out in the preparations.
The chromosomes of this type can be classified as follows (Fig. 9) ;
1. Two pairs of comparatively long chromosomes with nearly submedian primary :
constrictions. ’ .

j]

Two pairs of comparatively long chromosomes withmedian primary constrictions. :
3. Ten pairs of chromosomes, grading from medium-sized to short, with median to -
submedian primary constrictions.
5. C. nudifiora L., Type IL (2n = 56)

These plants were collected from near Kurseong hills, at an altitude of nearly 3000 feet ._:
above sea-level. The individuals show markedly longer leaves and larger fowers than .‘_-
those of Type T. ' '

The normal somatic cells are found to bear fifty-six chromosomes. However, the’
numher of twenty-eight has also been recorded.

The chromosomes are, on an average, shorter than those of Type I, presumably due to
polypleidy. Size difference among the chromosomes is present, though not marked,
ranging from 36x to 1-5u.  On the basis of the size, they can be divided into the
following general groups: '

1. Four pairs of comparatively long chromosomes.
2. Twenty-two pa,irs of cornpara,tively mediuin-sized (:].'1rO?:ﬂos,()'rnesJ and
3. Two pairs of short chromosomes.

OfF these, eight are seen to bear secondary constrictions, :
A detailed study of the morphology, taken together with the relative size, divides the
chromosomes into the following types (Figs. 10 and 10a);

1. A pair of comparatively long chromosomes, each having two constrictions;
© primary and secondary, located at submedian positions at opposite ends of the
chromosome (4A).
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Tig. 9. Conumelina nuciflora.  Type I--normal somatic melaphase showing 28 chromosomes.

Figs. 10, 10a and 11, €. nudifiora, Type 1l—normal somatic metaphase {Zn = 56), idiogram and varia-
=~ tion nucleus with 28 chromosomes respectively.

Figs. 12-14. ¢, sikkimensis (2 = B0}—Meiotic stages showing thirty and twenty-five bivalents at dirkinesis

* and 28 and 32 chremosomes at daughter cells in Metaphase 1T, 1'@5})&:5&\'61;.
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2. A pair of comparatively long chromosomes, cach having two constrictions,
primary and secondary, one nearly median in pesition and the other located at
the middle of the slightly longer arm (B).
3. A pair of comparatively long chromosomes, each having two constrictions,
primary and secondary, one nearly median in position and the other located 1n a
nearly submedian position at the distal end of the slightly shorter arm {C).
4, A pair of comparatively long chromosomes, each having a -nearly median
primary constriction and a satellite at the end of one of the arms (D).
5. Twenty-two pairs of comparatively medium-sized chromosomes with median to
submedian primary consirictions ().
6. T'wo pairs of short chromosomes with median primary constrictions {F}.
Tn addition to the normal complement described above, a variant metaphase with
twenty-eight chromosomes (Fig. 11} Is also on record. The chromosomes, four of which
bear secondary constrictions, possibly represent the haploid set of the normal comple-

ment.

7. Commelina sikkimensis Clarke (Zn = 60)

Description :  Slender, creeping stem; leaves lanceolate; blue flowers borne in bifid
cymes with peduncled, acuminate spathe. :

The plants were collected near Rongo, at an altitude of 4500 feet.

The normal chromosome nmber of the species is sixty.

Meiotic studies show the presence of thirty bivalents at diakinesis {Iig. 12). Abmnor-

mal behaviour is occasionally recorded in the formation of twenty-five bivalents during
diakinesis in certain pollen mother cells (Fig. 13). Such abnormality in number possi-
bly arises from disturbances in premeiotic mitosis.  Irregularity in segregation is seen
during Metaphase T, such as separation into thirty-two and twenty-eight chromosomes
(Fig. 14).

bh. Comnslinag obligue Ham

Description : Tail branching herbs with stems 2' to 3" high; blue flowers barne in
tafied cymes, covered by funnel-shaped spathe; leaves broader and longer than other
menthers of the same genus. ’

8. C. ebligua Ham., Type I (2n = 43)
The plants were collected near Sinchal, at an altitude of about 7500 feet above sea-
level. The leaves of the plants were thicker in texture than those found in the plains,
This type shiows forty-five chromosomes in the pollen-mother cells. Meictic behaviour
in the first division ‘was regular. During anaphase, segregation leading to two different

*

numbers in two poles could be observed. In second meiotic metaphase, two daughter

nuclei having twenty-one and twenty-four chromosomes in them (Fig. 15) could be seen.
This leads to the production of gametes having unegual numbers of chromosomes,
; . N
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Figo 15, Commeting abliqua, Type 1 {2n = 43)—Sccond meiotic metaphase with 21 and 24 chromosomes
in daughter nuciei.

'.Figs- 16-16a. ¢, obligua, Type I {Zn = 60)—Normal somatic metaphase pnd idiegram respectively.
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8. €. ebligua Hare., Type II (20 = 60)

This type was collected from the forests near Khumani, at an altitade of about 2000
feet above sea-level.

‘The normal somatic cells of the plants are seen to contain sixty chromosomes in the
set.  However, cells having numbers varying from the normal are also on record.

The chromosomes range in size from nearly long to nearly short. Size difference
between them is quite marked, ranging from 3- 2 to 8:8u.  On the hasis of their size,
they can be classified into the following general groups :

I. Ten pairs of long chromosomes.
2. Eighteen pairs of medium-sized chromosomes, and
3. Two pairs of short chromosomes.

Of these, sixteen are seen to bear secondary constrictions.

A detailed study of the morphology, taken together with the relative size, divides the
chromosomes into the following types (Figs. 16 and 16a)

1. Two pairs of long chromosomes, each having two contrictions, primary and
secondary, one nearly submedian in position and the other located in the middle
of the shorter arm (A).
2. A pair of long chromosomes, each having two constrictions, primary and second-
ary, located at the opposite distal ends of the chromosome (B).

- Two pairs of comparatively longer chromosomes, each having two constrictions,
primary and secondary, one nearly median in position and the other nearly sub-
median, at the distal end of the slightly shorter arm (C).

4. Three pairs of long chromosomes, with submedian to nearly subtermmal primary

(>3

constrictions {I).
. Two pairs of long chromosomes with median primary constrictions (E).

[er IS

. A pair of medium-sized chromosomes, each having two constrictions, primary
and secondary, one nearly median in position and the other nearly subterminal
at the end of ong of the arms (F).

7. T'wo pairs of mediure-sized chromosomes, each having two constrictions, primary
and secondary, one nearly median in position and the other located in the middie
of the slightly shorter arm (G).

8. Fifteen pairs of medium-sized chromosomes with median to submedian primary
- constrictions (H). o

9. T'wo pairs of short chromosomes with median to submedian primary constric-
tions (I). :

In addition to the normal complement described above, nuclei having thirty and -

forty-five chromesomes are also on record. , .
Fig. 17 shows a plate with thirty chromosomes, eight of which bear secondary constric-
tions. One chromosome of A, one of B, two of C, one of I and one of G are present.
+ T'wo new chromosomes with secondary constrictions, resembling B, but much smaller in -
size, are seen. This set seems to have arisen from the normal ene through structural .
alterations and non-disjunction.
Fig. 18 shows a cellowith forty-five chromosomes, twelve of which bear secondary :
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éﬁstrictions. Two chromasomes of A type, three of B, two of C, two of F and three of G
re present.  ‘This set is possibly a derivative from the normal one through non-disjunc-

Figs. 17418, Commedin obligua, "U'ype II—Variation somatic metaphases with 30 and 45 chromosomes
respectively,

10

@
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10, €. obligua Ham., Type 1T (Zn = 60)

- This type was collected from the forests near Khumani, at an altitude of 2000 feet. Tt
is distinguished from Type II by having the peduncle with the flowers rather elongated
and raised out of the sheathing spathe,

The normal sematic cells are seen to bear sixty chromosomes.  Of these, twelve are
seen to bear secondary constrictions, The chromosomes arc shorter than those of Type
IT, ranging from 16 to 52, The karyotype of this plant differs from Type IE in the
number of the different types of chromosomes present. _ _

As compared with the idiogram of Type I, the idiogram of Type I shows in its set
{Figs. 19 and 19a) :

1. Twao pairs of chromosomes of B type,
One pair of O type,
Three pa.irs. of D type,
One pair of B type,
Three pairs of F type, and

@ G 1o

Twenty pairs of H type,
Genus—Streptolivion

Only one species was studied.

L1, Streptolirion volubile Bdgew., (2n = 12)

Description.—Climbing, flaccid herb; leaves with long petiole and deeply two-lobed
base; white flowers borne in scorpioid cymes with short sheath.

The plants were collected near Darjeeling, at an altitude of about 6500 feet.

The normal somatic chromosome number is found to be twelve.  Cells having varying
numbers of chromosomes are also present. The chromosomes are long in size, as com-
pared to the other plants of the family studied. Size difference amongst the chromo-
somes is present, though not marked, ranging from 6u to 10-4u. The chromosomes
form a uniformly graded series from the longest to the shortest.

A detailed study of the morphology, together with the relative size, divides the
chromosomes into the following types (Figs. 20 & 20a) :

I. A pair of very long chromosemes with median primary constrictions, the cons- - '
triction gap being rather pronounced (A},

2. A pair of long chromosomes, each with a median primary constrictions and a
satellite at the end of one of the arms (B).

3. A pair of comparatively medium-sized chromesomes, each having two constric-
tions, primary and secondary, one median in position and the other nearly sub-
median at the distal end of one of the arms ().

4. A pair of comparatively mediwn-sized chromosomes with median primary cons-

trictions (D), :
3. A pair of comparatively short chromosomes with median primary constric-

tions (E}. :
6. A pair of comparatively short chromosomes with nearly subierminal primary "
constrictions (F)y
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Figs. 19194 Conpreling  obligua, Type IIY {2 = 60)

—mnormal somatic metaphase and idlogram
respectively, ‘
85, 20, 20 and 22, Streplolirion volubile (2n = 12)—normal somatic metaphase, idiogram and variation

metaphase with six and eleven chromosomes respectively. o
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In addition to the normal complement, variant nuclei with six and eleven chromo-
somes have also been recorded.

Fig. 91 shows a plate with six chromosomes, one of which is satellited. One chromo-~
‘some of A type, one of B, one of D, two of E and one of F are present. Its origin may be
assumed to be from the normal set through non-disjunction. ’

Fig. 22 shows a cell having eleven chromosomes only, one of which bears secondary
constrictions.  This set is also possibly a derivative from the normal one through minor
structural changes, including amphiplasty, and nean-disjunction.

Discussion
Analysis of the present deta in relation to the frevicus ones
A discussion of the observations presented in the text makes their interpretation necessary
in the light of the previous data. Tour different genera have been worked out here.
Excepl Skreplolivion, a number of other species of Commelina, Aneilema and Cvanolis have
heen the subject of cytological study at different times.

Three different species of Commeling have been dealt with in their paper. The two
differcnt types of Commelina nudiflora reported here, show the 2n number to be twenty-
eight and fifty-six respectively. The former type was collected from the plains and the
latter from the temperate areas. The individuals found in the plains, of the same
species, investigated in our previous report {Sharma, l¢.,} showed the somatic com-
plement to be composed of thirty chromosomes. Anderson & Sax (1936) reported the
presence of types with fifty-six chromosomes in the tropics.

The importance of polyploidy in the differentiation of various ecotypes within this
species is apparent. In the external morphology of the plant, the individuals collected
from the hills differ from. those occurring in the plains. Gigantism of the leaf and flower
characters in the former is specially remarkable. The origin of forms having thirty
chromosomes from those with twenty-cight or sice sersa, is easily explained on the basis
of aneuploidy. As, the basic number in this genus is much lower than the existing
haploid number, no difficulty in survival is experienced by these aneuploid plants. '
They originate, in all probability, initially through non-disjunction. So far as this |
particular species is concerned, a careful scrutiny of the individuals occwrring in the =
plains, but in different Iocalities, always reveals minute morphological differences
between them. Evidently, this is also true for the two types with twenty-eight and !
thirty chromosomes reported by us. An intensive taxenomic study of the different ‘-:
ecotypes of Commeling m.:a’y‘lom, followed by their cytoloolcal investigation, may reveal
the presence of numercus chromosomal biotypes in nature.

Three different types of Commeling obligua have been cytologically investigated here.:
The one collected from the temperate areas shows forty-five chromosomes, whereas the
other two of the sub-temperate areas, though differing in their karyotypes, show sixty -
chromosomes in their somatic complement. Different individuals from the plains,
collected from different areas, show one hundred and one hundred and fifty chromosomes L:

in their somatic sets respectively (Sharma, l.¢}. In this p'l.rtlcuhr species, the role of
increase in chromosomg number, mainly polyplmdy, in the differentiation, of thei
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cotypcs found at different altitudes, 1s very marked. This species serves as a very good
e mplc of the correlation of climatic changes with polyploidy. (Cain, 1944). Lave
- Lave {1949) in their excellent treatise on the geo-botanical smmﬂcance of polyploidy,

ite many similar cases.

" Commelina sikkimensis, reported here for the first time, also shows sixty chromosomes.

.Though the number sixty is common for both C. obligua and (. stkkimensis, the external
10rph0100y of the two is markedly different. This fact justifies fully its independent
s,pe(:lﬁc status, However, as the number indicates, C. ebligua may be related divectly
or indirectly to this species.

- Aneilema spiratum, A. herbaceum and A. vaginaium are the three species studied here.  Of
these, the two latter are new records.  This 4. spiratum was collected from the Temperate
imalayas and showed twenty chromosomes in the somatic set. Murthy (1934)
éﬁortcd forty chromosomes in A. spiratum of the plains. In the same species, here too,
he oceurrence of pelyploidy in different climatic types is evident. Both 4. vaginatum
nd A. herbaceum show forty chromosomes in the somatic cells, suggesting their polyploid
ature. Both of them are natives of the tropical to sub-tropical areas, though the
individuals of A. kerbaceum, studied by us, were coliected from cultivation at the Botanical

jardens of Darjeeling. Mitsukuri (1947) reported thirty chromosomes in A. keisak.
Ali the available data, therefore, clearly indicate that duplication of the chromosome
e_f is respomsible, to a large extent, for diversification in the genus dnetlema, including
.ﬁfcn the various types within the same species, occurring at different altitudes.

“OF Cyanotis, only onc species, C. barbaia, has been worked out here. This shows
wenty-four to be the normal 2n number. The number is also found in C. eristala,
reported previously (Islam & Baten, 1952; Sharma, i.c.}. " In view of previous records in
ther species of Cpanoiis (Andersen & Sax, L¢), it seems obvious that aneuploidy,
nstead of polyploidy, is possibly responsibie for the evolution of different species in this
:_genus, since the attainment of its generic status. It may be mentioned here that taking
nto account the cytological and morphological data, a separate generic status for
" Cyanotis axillaris was suggested (Sharma, l.c).

Strebtolirion volubile is interesting for its chromosome number and also for its karyotype.
:The 2n number being twelve, as observed here, apparently places it 'the‘ Tradescantia
line. Bat, it differs so markedly in its morphology {rom the well-known complex of
- Tradescantia, that it is obvious that the relationship is not a close one. It is likely that

“though possessing the same ancestry, the two genera have diverged rather early in the

‘ course of evolution. A thorough cytological investigation of the different species of Shep-

“lolirion may reveal [acts of fundamental cytological importance, similar to Tradescantia
“as noted by other authors (Darlington, 1929; Anderson & Sax, [¢.; Bhaduri, 1942 ete.).

. Relative Importance of the role of Auto-, Allo- and Aneuploidy in the evolution of
different species

Members of this family exhibit different degrees of Polypleidy in their varying forms.

An order to estimate their relative role in the origin of new forms, it is preferable to
‘discuss them separately. :
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As far as dircet duplication of chromosomes is concerned, it has no doubt occurred
within the family to a large extent. But the evidences of its direct responsibility in.the
origin of new types seem to be meagre. Cases where pelyploid series can be noted
between different species of the same genus, may be set aside for the sake of discussion,
as they may easily involve allopolypioidy, evidences for which are present. Occurrence
of autopolyploidy is marked between different ecotypes of the same species, such as
Commeling obligua and C. nudiflora. 1t may Be recollected that chromosome numbers like
twenty-eight and fifiy-six were recorded in the latter and forty-five, sixty, one hundred,
and one hundred & fifty were noted in the former. The absence of a large number of
multivalents may be due to the short size of the chromosomes, resulting in low chiasma
frequency. But even then the existence of structural differences of chromosomes is
apparent between lower and higher polyploid types. A comparison of the karyotypes
reveals that all the chromosomes are not present in multiples, as expected from the
degree of polyploidy attained. Diminution of chromatin matter is clearly noticed with
rising degrees of polyploidy. Furthermore, structural differences of chromosomes
between different polypleid ecotypes of the same species, clearly indicate that in addition
to duplication of chromosomes, alterations in ch:‘o_mosome' maorphelogy contribute to
their origin. The authors agree with the view recently endorsed by Stebbins {1947)
that autopolyploidy alone cannot account for the origin of new forms. An increase in
gene dosage may cause merely gigantism in some cases, but does not provide any scope
for the addition of new characters. It gives an impetus to the stabilisation of structurally
altered types, which may originate before or after the attainment of polyploidy.

The role of aliopolyploidy, in intreasing the number of species of the family, is evident.
In the genera investigated by Anderson & Sax too, the role of allopolyploidy was found
to be marked. Practically all the genera belonging to this family show different levels
of polyploidy. The absence of multivalents in most of these cases clearly indicates that
different sets of chromosomes are involved in their origin. Even in C. sikkimensis (2r=60),
investigated here, not a single multivaient could be recorded in meiosis. The size of the
chromosomes of course stdnds in the way of the formation of multivalents. But the fact
that a number of long chromosomes are also present in the complement, over-rules the
possibility of their being autopolyploids. These records clearly demonstrate the
significant role played by allopolyploidy in tl}e differentiation of species.

Lastly, the aneuploid series in the family have to be discussed.  The previous literature
taken in conjunction with the present data, shows the occurrence of aneuploid numbers
in species of Commeling and Cyanotis. They show multiples of eleven, twelve, fourteen
and fifteen chromosomes in various species as well as in different types of the same
species. For example, in Commeling benghalensis, the numbers reported are twenty-two,
sixty-cight and forty-cight, in different types (Ganguly, 1946; Sharma, [.s.; Darlington,
Le; Anderson & Sax, [e.).  In C. communis, they are forty-eighit and ninety (Mitsukurd,
1947}, In C. nudiflora, forms with twenty-eight and thirty chromosomes have been
observed {Sharma, [z, and present data}. In different species, chromosome numbers
like thirty, ninety, ffty-two, fifty-six, fifty-eight, seventy-five ‘etc., are recorded. In
Cranotts eristate and C. barbata, the 2n number is twenty-four, as mentioned before,
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“whereas in C. somaliensis it is twenty-eight (Anderson & Sax, Lc.}). These are the indi-
ations of the role of ancuploidy in speciation within the family. It is noticeable,
owever, that minute stractural changes of chromosomes are mostly associated with this
rocess. ‘

sSummearising this part of the discussion, it may be concluded that so far as speciation
i this family is concerned, allo- and aneupleidy have played much more important roles
‘than autopelyploidy.

Hi. Polyploidy in relation fo distribution

2It is worth while to make an attempt to find out the correlation, if any, existing
etween polyploidy and distribution of the different species investigated here. A glance
t the previous records clearly indicates the existence of conflicting ideas as regards this
'Sue. Broadly they may be classified under two different categories. Some of the
orkers state that extreme climatic conditions are preferred by polyploid types (Flovik,
1940; Hagerup, 1928; Manton, 1937: Babcock & Stebbins, 1938). Wealth of data on
‘this aspect is far from negligible. However, as the theory does not hold good in all
ases, others {Cain, 1944} consider that polyploids merely occupy different areas from
the diploids. This implies that if the centre of origin of a particular species lies in the

'tempmatc reglons, the corresponding polyploids may be expected to occur in the tropics.
‘The different species of dneilema so far investigated by the present ‘and the previous
authors show a number.of polyploid forms. A. spiratum, reported by Murthy ({.c.} from
the plains, contains forty chromosomes in the somatic set. The corresponding diploid
rm of the same species, reported 1n thig paper, was collecied from the Himalayasg, at an
titude of nearly 7000 feet. Tt is evident that the original forms of 4. spiralum ocour in
temperate areas whereas the derivative polyploids are found at lower altitudes. Such

igh chromosome number is shown by . vaginatum of the trapical and Sub-tropical
arcas (present report). On the contrary, 4. Aerbagewm, with same number, is found in
the Himalayas (present report).

‘In the genus Commeling, similar polyploidy is also evident. Diploid forms of €.
tdylora (2n=28) occur in the tropics and polypleid types in the Himalayas {2r=56)
(present report). It is significant that Anderson & Sax (l¢.) reported polyploid types
of the same species from the tropics. This specics, therefore, one can easily assume,

has originated in the tropics and produced polyploid types there, which later on,
because of their higher tolerance range, have migrated to the temperate arcas, C.
kkimensis (2n=60), a polvplmd type, also occurs in the Himalayas. A different picture

18_ represented by the types of C. obligua studied.  Here, as the table shows, types with

19\»01 chromosome numbers occur in higher altitudes, and those with high munubers in
1hC plains.  This species, therefore, in contrast to €. mudiflora, must have originated in
the temperate areas and higher polyploid types occurred in the plains. (Table 1).
Streptolirion and Cranotis may be omitted as polyploid series have not vet been dm—
covered in them.

The above resumé clearly brings out the fact that, so far as thegp species are concerned,




80

Ta

No.

[

3]

15

16.

.18,

20.

.Gl

bie I.

Name of species

. dneilema nudiflorum

. A, keisak

. A spivatum

A ferbaceum

. A. paginatum

. Gyanotis axillaris

. O crista

. C. somaliensis

. G barbata

. Commeling benghalensis

. O diffusa
. C. convnunts

. C. clegans

nudifora

C, coelostis

C. salicifolia

. C. obligua

C. sikkimensis,

. . hirtella

Streptolirion volubile
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genera investigated

. Chrom. No.

.20
i, 20

30

1. 40
i, 20

40
40

i 20
ii. 20

i.2440—18
. 24

28

24

i 22
ii. 68
iii. 22
iv. 48
30

48, 90

c. 52

i. 56

i, 30

Type Il 28

Type fE v, 56
r

90

75

i. 100, 150
Type I 1. 45
Tvpe IT mi. 60
Type IIliv. 60

{different karyotype)

60

c. 58

1z

Name of worker

Simmonels, 1954
Sharma, 1955

Mitsuleuri, 1947

Murthy, 1934
Present authors

Present authors
Present authors
Islam & Baten, 1952
Sharma, 1955

Islam & Baten, 1952
Sharma, 1955

Anderson & Sax, 1936

Present authors

Ganguly, 1946
Darhington, 1529
Sharma, 1955
Anderson & Sax

Simmonds, 1954
Mitsukuri, 1947
Simmeonds, 1954

1936

Anderson & Sax,
Sharma, 1935
Present authors
Present authors

Anderson & Sax, 1936
Sharma, 1955

Sharma, 1955
Present authors
Present authors

Present authors

Present authors
Bowden

Present authors

Showing chromosome nwmber and habiial of different species and ecotypes. of four

Locality where collected

S, E. Asia :
Plains of W. Bengal, India

Japan

India, plains of 5. India
India, Da_rjceling at 6000 fect

India, Rongo al 4000 o 5000
feet ’

India, Khumani, 1000—2000"
feet. :

Dacca plains, Pakistan
Plains of W. Bengal, India

Dacca plains, Pakistan
India, plains of W. Bengal

E. Africa

India, Rongo, 4000 feet to 45
feet. i
India, plains of Bengal

O. 'W. Tropics

‘India, plains of- W. Bengal
Tropics

Tropies
China

5: U.S.A.

Tropics

India, plains of W. Bengal
India, Khumani, 1000 feet
India, Kurseong, 5000 feet

Mexico

India, plains of Bengal

India, plains of Beﬁgal

Sinchal, India, 7000 feet

India, Khumani, 1000-200
feet. :

India, Khumani, [000-200

feet.
India, Rongo, 4000-5000 £

E. US.A.

India, Dayjeeling, 6500 fee
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there is no absolute rule that polyploids must occur in the higher altitudes. Some of
the species may originate in the temperate regions, whose corresponding pelyploids will
then occur in the tropics and wice versa.  The only rule that governs the distribuzion is
that the polyploids can occupy different and, in some cases, wider areas than the diploids,
_3ecause of their higher tolerance capacity.

. Importanse of karyolypic changes in the eoolulion of species

The role of structural alterations in speciation is well-established. All the species
investigated in this paper give clear evidence in support of thisidea. None of the species
show absolute karyotypic similarities. Differences i chromosome morphology are
noticeahle between different types of the same species.  The Type 1T and Type 1T of
Commelina obliqua may be cited as examples in this connection. Both of them show sixty
hromosomes in the somatic set, but the karyctypes of the two differ.  As this process
provides maximum scope for the addition of new characters, it may be concluded that
: the role of structural alterations of chromosomes is far more important in the evolution
'o.f species of Commelinaceae, than that Of, polyploidy. The latter mainly serves as a

v. Relationslup belzween alterations in chromosoms complement af
somatic cells & speciation

" Considerable literature has accumulated within the last few years showing the role of
hromosomal variations in somatic cells in the origin of species (vide Sharma & Sharma,
955; Sharma, 1957). In plants where reproduction through sexual means is absent or
ather is obsolete, this method of speciation is obligatory. In cases, also, where asexual
eproduction is of wide-spread cccurrence, this method though not ehligatory, 1s still
perative.

“Of the species investigated here, a number show such somatic variatioms. For
xample, in Commeling nudiflora, Type 11 (2rn=>56} cells with twenty-eight chromosomes
Aare found to oceur along with the normal ones. The [requency of their occurrence is
much lower than that of the normal type. In O ebligua, Type 11 (2n=60) cells with
hirty and forty-five chromosomes are also on record along with the normal ones in the
Same tissue. I a large number of root-tips can be collected in the other species too, it
18 not unlikely that they may reveal facts of a similar naturc. It may be mentioned
‘that in the previous communication also, similar observations in other species were
Tecorded.

The origin of such variations may be through diverse means. In cases where only
one or two chromosomes ave involved, the process may be non-disjunction.  When such

abrormal numbhbers are hali the normal ones or nearly so, it may involve somatic reduc-
Gon, The occurrence of such spontanecous somatic reduction in plants 15 well
‘demonstrated in recent years {Sharma & Bhattacharjee, 1953). The case of Commelina
obligug needs special comment. Here in Type 1T (22=60) the variations n number
Hoted are thirty and forty-five.  The last mentioned numbers can no doubt arise through
lurther reduction from the former. &

L
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All these species are propagated profusely through vegetative means, though of course,
sexual reproduction is also operative,  The occurrence of such varying numbers in the
somatic tissue obviously provides scope for the origin of new types, through their presence
in the growing point of daughter shoots. FExperiments recently conducted in this
laboratory reveal their occurrence in the shoot apex as well (Sharma & Sharma, 19573,

A rational evaluation of the role of sexual and asexual reproduction in speciation
in this group suggests that the latter is more suited for the process than the former.
Different polyploid and aneuploid (€. nudiffora~—2n==28, 30 etc.), types may originate
more conveniently through this means than through sexual reproduction. 'The same
may bethe case with different chromosome numbers reported in different individuals of
(. benghalensis by different authors. The reason for this is the fact that in sexual re-
production, 2 number of conditions must be satisfied for the origin of such forms. These
conditions include the occurrence of variations in both parents, their chance union,
and the survival of the embryo.. On the other hand, in propagation by asexual means,
po sach conditions are to be satisfied and a new form can. originate through a single ..
step in evolution. On the basis of these facts, it may be assumed that such scmatic
variations play a significant role in speciatican within the family, as noted in a number

of other plants too.
vi. Different lines of evolution

Tn the species investigated here, two lines of evolution-are clearly evident, namely the
Commeling, Aneilema and Gyanotis line, and the other represented by Streptolirion. The
last genus, with its characteristic chromosome complex, is possibly a line by itself, though
related to the Tradescantia group.

The three other genera, though different in their chromosome morphology, possess
some gross similarities among themselves. They may have diverged quite early in
evolution from a common ancestral stock. This supports the contention. embodied in
a previous communication (Sharma, l¢.). ‘

Apeilema vaginaium, however, has a characteristic chromosome complex. Its chremo- '
somes are unusual for the genus Aneilema. A number of them resemble those of other
species of dneilema, whereas the others are much longer and markedly different. In
general, the chromosomes of the complement show abrupt size difference. It seems
likely, therefore, that the ancestry of this species involves crosses between some species
of Aneilema with a species of another genus. Probably the other parent is one related to

Coanatis axtllaris investigated belore.

SUMMARY

1. Hight species under four genera of the family Commelinaceac have been studlied |
cytologically in. this paper. A number of ecotypes of two of the species have also been -

studied. The chromosome numbers determined are :

1. Aneilema Rerbaceum Wall . .. 2 =40
2. 4. spiratum R.SBr, . . 20 =120
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8. A. vaginatum R .Br. .- co In =40

4, Cranotis barbata Don. . o 2= 24

- b, Commelina nudiffora L., Type I .. . 2n =28
6. C. nudiflora L., Type 11 . .. 2n == 00
7. G sikkimensis Clarke .. o 2n = 60
8. . obligua Ham., Type 1 e .. 2p =43

9. C. obligua Ham., Type 1T . v 2n =100
10, €. obliqua Ham., Type I1I .. L. Zn =60
11, Streptolirion volubile Edgew. . oo e =12

2. Investigations reveal the marked role of polypleidy and aneupleidy in the evolution
f these species and ecotypes. The most interesting feature is that the chromosome
:'o_mpiemcnts of different ecotypes differ from each other. These phenomena have been
hown to be associated with structural changes of chromosomes. Karyotypic studies
ﬁdicate that alteration in chromosome complement is the principal factor in speciation
n this group. -
3. A discussion of the previous and present data on the cytology of members of this
amily collected from various localities, has been made. No correlation could be
stablished between habitat and polyploidy. Polypleids have been found to occupy
vider areas than diploids hecause of their tolerance range.
4. Two lines of evolution are observed in the members worked out. One is
haracterised by Anelema, Commeling and Cyanotis, corroborating the previous assuip-
‘tion, and the other is represented by Strepiolirion. The latter in its chromosome number
hows similarity with the Tradescantia complex. '
' 5. Aneilema vaginatwn has been suggested to have arisen through intergencric crosses,
ne of the parents being a species of Aneilema and the other related to Cvanotis axillaris.

8. On the basis of karyotypic variations met with in the somatic cells, it is suggested
hat this process plays a significant role in speciation through asexual means. '
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