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CYTOTAXONOMIC INVESTIGATION WITH THE AID OF
AN IMPROVED METHOD ON THE FAMILY VERBENACEAE
WITH SPECIAL REFERENCE TO THE LINES OF

' EVOLUTION

By ARUN KUMAR SHARMA anp SATYABRATA I\/IUKHOPADHYA?
@;;‘aganetiss Labaratory, Bitany Department, Caloutta University, Caleutia, India.

InTrRODUCTION

The family Verbenaceae, a constituent of the bicarpellate complex, is characterised
by a large number of genera occurring mainly in the tropics. In the plains of Bengal

~ alone, fortyeight species occur as wild, and a large number of them are cultivated as
well. Texonomic interest is provided by the family, its variety of forms ranging from
herbaceous to woody.  One of the most commonly occurring shrubby forms is exhibited
by the species of Clerodendron.  Further, in C, infortunatum Gaertn., the most frequent
species of this genus, phenotypic differences between individuals are commonly seen.
Cytological reports in this genus show a wide range of chromosome numbers from 24
to 184. The possibility of existence of individuals with different chromosome numbers
in the same species has been indicated by the discrepant reports of Nishiyama and
Kondo {1942) and Bowden (1945), one reporting fortysix and the other fortyeight
chromosomes in the somatic cells respectively. In Inéia a large number of species of
this genus still remains unexplored and no detailed cytological work has yet been done
on . inforfunatum with its wide range of phenotypes.

In addition to Clerodendron; cytological interest is prévided by other genera in the fact
that a wide range of chromosome ntimbers has been found in different genera of this
family, starting from n=>53 in Verbena to even n=23 in Clerodendron. Leaving aside the
occurrence of polyploidy in the same species (Sugiura, 1936h) arneuploid variations
at an intraspecific level are recorded in Callicarpa japonica by Sugiura {1936b ) and
Patermann (1938) and Lantana -camara (Schnack, 1947; Tjio, 1948; Singh, 1951} too.
Interspecific aneuploidy is also common in the genera Lippia and Lanfana (Sharma

and Mukherjee, unpublished; Natarajan and Ahuja, 1957; etc.). All these facts
taken together suggest that the family provides ideal material for cytologists who
are interested in working out the basis of origin of different chromosome numbers, and
interrelationships and affinities between genera and species as far as can be interpreted
from cytological data. With these ends in view the present investigation was under-
taken on thirtyfive different species and varieties with special reference to the genus
Clerodendron. '

MaterIALs & METHODS

The present work includes twentynine species belonging to thirteen genera and
covering four tribes of Verbenaceae. One species, Clerodendron ‘inforiunatum, shows
the presence of different horticultural types which can be distinguished from each other
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’y the pigmentation in flowers and flower stalks. Six types have been included  in
the present stucly. A list of the names, identified and verified from the Indian Botani-
cal Gardens at Sibpur, is given below:

1. Clerodendron thomsonae Balf. var. 1.
2. C. thomsonae Ball. var. LI

3. C. macrosiphon Hook.

4. €. squamatum Vahl.

5. (. inerme Garten, Fruct.

6. C. nuians Wall. .

7. C. siphonanthus Ait.

8. (. fragrans Vent.

9. (. splendens G, Don,

16.  C. minghassas Teijsm & Binn.

11. (. ugandense Prain,

12, C. infortunatum Gaertn. Type I,
13. (. infortunatum Gaertn. Type 1L,
14,  C. infortunatum Gaertn, Type 111,
15.  C. infortunatum Gaertn. Type IV,
16. G wfortunatum Gaertn, Type V.
17. C. infortunatum Gaertn. Type VI.

18, Vitex negundoe Linn.

19. V. agnus-castus Limi.

20. V. trifolia Linn.

21, Tectona grandis Linmn. s
29, Stachytarpheta indica Vahl.

23.  Duranta plumieri Jacqu. (blue flower).*
24, D. plumieri Jacqu. var. alba.

25, D. masrephyile (Horticultural variety).
96.  Pelrea volubilis Linn. .

27.  Gmelina hysiriz Schult.

28.  Holmskioldia sanguinea Retz.

29.  Carvopteris mastacanthus Schau. (blue).
30.  Caryopteris mastacanthus Schau. (pink).
31, Callicarpa macrophylla Vahl. '

32, Congea tomenivsa Roxh.

33. Verbena erinoides Lam. (mauve).

34. V. aubletia Jacq, (rved).

35.  Nycianthes arboriristis Linn.

A few of the species were collected from the Calcutta University Botanical Gardens
and a few others, specially types of Clerodendron inforlunatum, Durania plumieri (blue
fiowers), Vitex megindo, etc. were collected from the suburbs of Caleutta. The horti-
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cultural varieties were mainly collected from the Imperial Nursery, Calcutta, an&‘{_i; -
Royal Agri-Torticultural Gardens in Calcutta and the Indian Botanical Gardens at
Sibpur. Plants were grown in earthenware pots containing a suitable mixture of sand

and soil.  Very healtlry roots were obtained mainly in the rainy season, but the period
extends up to the end of October. In most cases, the root tips were collected at noon.

For temporary squash preparations, a nuwnber of pretreatment chemicals were tried
with different concentrations and of varying periods of treatment. OF these, p-dichloro-
benzene of different concentrations with varying periods has yielded good results in a
majority of cases. In a few species a good result was obtained when p-dichlorobenzene
was mixed with a -002 M solution of oxyquinoline. A mixture of p-dichlorobenzene
and aesculine (1:1) also yielded very well suattered plates in some species.

After pretrcatmént the root tips were hydrolysed and stained in orcein-acid mixture
A aceto-orcein: (NVHCL : : 9 : 1} by heating over a flame for a few seconds. They
were then squashed in 19 aceto-orcein solution.

Permanent preparations were made from this temporary squash preparation by
inverting the slides in normal butyl alcohol, when the squashed material became dried.
When a coverslip became detached both the slde and the coverslip were mounted in
euparal.

For meiotic study temporary squash preparations were made following Belling’s
19, aceto-carmine squash technigue.

The figures were drawn at a table magnification of approximately x 2400 using
a Leitz microscope with compensating eyepiece of ¢ 20, an apochromat objective of
1-3 and an aplanatic condenser of 1-4 N.A, g :

On the drawings, the chromosomes with secondary constrictions or satellites are

represenied by cutlines only.

€)BSERVATIONS

Chromosome numbers so far recorded in the family show wide variation. Tt is as
low as ten in the species of Verbena and may be as high as one hundred and eightyfour
in Clerodendron ugandense. Tn Clerodendron an interesting series of 2n numbers ranging
from 30, 46, 52 to 184 has been found, and variation nuclei Have also been noted in 2
few cases. The majorit_y of the genera studied show 27=34. ‘

In species where meiosis has not been studied, the number which occurs in the highest
frequency has been taken as the normal number of the species.

In general chromosomes are short sized. Comparatively long chromosomes have
been noted in Verbena and the shortest ones in Clerpdendron nutans. Complements with
medium sized chromosomes have been found in most cases.

Genus—Clerodendron

This genus is placed under the tribe Vitieae, FEleven species and the six types of
Clerodendron infortunatum have been worked out. In Clerodendron macrosiphon 9n=>30,
n G thomsonae G inerme and in G. splendens, 2n=46, in one species of Gleradendron, G.
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Tomsonae var. IT Zn=48, and in the rest of the species 2n==52 hLave been observed.,
¢ Sgmatic nuclei with variation numbers have heen noted in €. Homsonae var, 1L, G sipho-
- nanthus, C. jragrans, and in C. minahassae. The highest chromosome number of 186
‘has been recorded in C. wugandense, and ten chromosomes, the highest number, have
heen found with secondary constrictions in O, siphonanthus. A thorough study of the
" karyotypes reveals that a number of chromesomes in different species shows a gross
: :simﬂarity among them. In spite of this fact, further study in detail reveals the difference
between the species which will be dealt with separately later. Ten types of chromo-
somes have been selected out of the different somatic complements studied in the species.
A general description of the types, based on their morphological characters, the sizes
= and positions of the primary and secondary constrictions, is given below. )

Type A-—Comparatively long chromosome with two constrictions, pumary
and secondary, one is nearly median in position and the other is
located in the submedian to near ly subterminal position at the end
of one arm. ‘

Type 4 WCOmparanvely long chromoseme, hut shorter tlmn A with a nearly
median primary constriction and a satellite at the distal end of one
arm.

Type B—Uomparatively long chromosome with nearly submedian to sub-
median primary constriction.

Typé CG—Comparatively long chromosome with two lconstrictions, primary and
secondary, bpth in the nearly submedian position. The three

. segments arc nearly equal in length, o

__Typé D—Gomparﬁtively long chromosome, with two constrictions, primary
and secondary, both in the stbmedian position at opposite ends.
The median segment is considerably longer than the two end
segments.

Type D'—Comparatively long chromosome with primary and secondary
constrictions both located in the nearly subterminal positions. This
type s shorter than D type, -

Type E—Comparatively long chromosome with median to nezuly median

" primary constriction. .

Type F—Medium sized to nearly short chromosome with median to nearly
submedian primary constriction.

‘Type F'—Nearly short to medhum sized chromesome with submedian to nearly
subterminal primary constrictien,

Type G—Short  chromosome  with median to nearly median  primary
constriction,

L. Clerodendron thomsonae Balf. var I - (En=46=d,+Cy}-Ey -+ F,, --Gy)

The somatic complement contains fortysiz du omasomes.  Chromosomes form ‘a
graded series according to which size varies from -9 p to 25 w. Four chromosomes
i the compiement bear secondary constrictions, :
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The somutic complement has been:séen to consist of one paiv of A, one pair ofC el
one pair of E, seventeen 133113 of F and three pairs of @ type chromosomes.  Six pairs.
of I type hear nearly submedian constriction and the rest bear median constrictions.
One pair of F type is formed of nearly short chromosomes (Figs. | and la).

Twentythree clear bivalents have been observed in Metaphase I.

2. . thomsonae Ball. var. I1. (2n=48= A, 4-B, + Ey+Fop 4G o)

Fortyeight chromosomes have heen found to occur in the normal somatic comple-
ment. Size ranges from 0:9 w to 3-2 p.  Chromosomes when arranged in arder of
size form a graded series.  Only two chromosomes in the complement hear secondary
constrictions. . ' :

The somatic complement is composed of one pair of 4, one pair of B, three pairs of
£, thirteen pairs of F and six pairs of & chromosomes. One pair of E type is longer
than other pairs’ Two pairs of F are with nearly submedian coustrictions and longer
than others (Figs. 2 and 2a). In addition to the normal compiement somatic nuclel
with variation numbers 42, 50, 46 (Figs. 3, 4 and 5) have been worked out.

Wlelotic study reveals twentyfour clear chromosomes in the two poles of Metaphase 11,

3. C. macrosiphon Hook, (2n=30=4,18B,-F,,)

In the normal somatic complement thirty chromosomes occur. Chromosores
differ in size and the size varies from 1-5 p 10 2:5 p. When arranged according to size
a graded series is formed. Four chromosomes in the complement have been found
to bear secondary constrictions. &

The complement on analysis shows the presence of two pairs of 4, one pair of B
and twelve pairs of /. Four pairs of F bear nearly submedian constrictions, three pairs
of which are longer than the fourth one.  Two pairs of the rest of the F types are shorter
than others and all bear median cosstrictions (Figs. 6 and 6a).

Fifteen clear bivalents have been found in Metaphase I and fifieen chromosomes are

seen in the two poles at Metaphase If.

4. G squamatum Vahl. (2n=02=C)+Ey+F., Gy

Fiftytwo chromosomes form: the somatic complement of the species. They are, on
an average, very small.  Size difference amongst them is found but is not marked, and
size varies from 0-9 e to 1-6 w. One pair of chromosomes has been found to bear secondary
constrictions.

Somatic complement consists of a pair of (, four pairs of E, seventeen pairs of F and
four pairs of G type chromosomes (Figs. 7 and 7a). Six pairs of F type are nearly short
in size. In addition to the normal complement a somatic nucleus with a variation
number of fortyeight has been worked out (Fig. 8),

In the meiotic study, twentysix clear bivalents have been cbserved in Metaphase I, -

3. L oinerme Garten, Fruct, (2n=46=4A, 4By +C,+FE+-F,, -G

. - L
Fortysix chromosomes are present in the normal complement. ¢Chromosome size
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varies from 14 to 23 . Four chromosomes possess secondary constrictions in the
compliement.

Karyotype analysis reveals the presence of one pair of 4, three pairs of B, one pair of
G, three pairs of E, twelve pairs of F and three pairs of G type chromosomes. Four
pairs of F type are longer than the other pairs and bear nearly submedian constrictions

" (Tigs. 9 and $a).

6. . C. nutans Wall. (2n=52=A',;~-Ey+Fy, TG}

The normal somatic complement contains fiftytwo chromosomes. Chromosomes
form a graded series and size varies from 11 pto 21 p. Three pairs of chromosomes
in the complement contain secondary comstrictions.

A critical study reveals that the somatic complement is formed of three pairs of 4/,
one pair of F, sixteen pairs of F and six pairs of G type. Two pairs of F type are longer
than other pairs and the rest form a sevies of nearly short chromosomes (Figs. 10 and

10a).

7. C. siphonanihus At (=52 Ay +- A" g+ g Py +F 5+ G

Fiftytwo chromosomes form the normal somatic complement of the species. Chro-
mosomes are on an average rather small and the size varies from 1-2 pt0 20 . Ten
chromosomes in the complement possess secondary constrictions. '

The following types are present in the chromosome set of the normal complement:
one pair of 4, three pairs of 4', one pair of I, thirteen pairs of F, two palrs of F' and
six pairs of G. One pair of F* is shorter than the other (Figs. 11 and 11aj. Besides
the normal set, a variation number of 46 has also been recorded (Ifig. 12}.

Twentysix clear chromosomes have been ohserved in each pole of Metaphase I1.

8. (. fragrans Veut. (2n=52=Ay+ A"y + By, +Cy+Es FFp g} |

The normal somatic complement of the species contains fiftytwo chromosomes,
which in order of size, form a graded series.  The size ranges from 1-2 p to 2-5 p.  Right
chromosomes in the complement have been found to bear secondary constrictions.

A detailed analysis of the karyoty?c shows one pair of 4, one pair 6f A", two pairs. of
B, two pairs of C, four pairs of £, thirteen pairs of 7 and three pairs of &' chromosomes.
Two pairs of I are slightly shorter than the rest {Figs. 13 and 13a}.

In addition. to the normal complement, somatic nuclei with variation numbers,
30, 19 and 46 have heen recorded (Figs. 14, 15 and 16},

8. C. splendens . Don. (20=46 =4, By +Co 4Dy +- L5+ Fy+G1y)

Fortysix chromasomes cocur in the somatic complement of the species.  Size varies
from 1-2 p to 28 . Chromosomes are of graded nature. Eight chromosomes it the
complement with secondary constrictions have been worked out.

The complement is composed of two pairs of 4, one pair of B, one pair of ¢, one
pair of D, three pairs of £, cight pairs of 7 and seven pairs of G type. One pair of 4
i shorter than the other and the D type here is considerably longer than the 4, B and
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(7 pairs, being the longest pair in the set. Three pairs of F type are slightly shorier
than the other pairs (Figs. 17 and 17a). '

Melotic study reveals twentythree clear bivalents in metaphase I and twentythree
chromogomes in each pole of metaphase 1. ‘

0. G mmahczﬁae Teipsm & Binn. {(Qn=>52=A" +E, +Foy +F'1y+G1)

The normal somatic complement contains fftytwo chromosomes. On an average,
chromoesomes arve small.  Size difference among them is present but not marked,
ranging from 1-2 wto 17 .  Chromosomes are graded. Three pairs of chromosomes
bear secondary constrictions. B ‘

A critical study of karyotype reveals the presence of three pairs of 4°, one pair of
E, eleven pairs of F, five pairs of F', and six pairs of G type. 'T'wo pairs of F are longer
than the other pairs and have nearly median constrictions {Figs. 18 and 18a). In
addition, somatic nuclei with fortysix chromosomes have also been worked out (Fig. 19),

11, & ugandense Prain (2n=184) _ 7

Somatic complement in this species contains one hundred and eightyfour chromo-
somes (Fig. 20). Besides this number, somatic nuclei with one hundred and fiftyfour
chromosomes (Fig. 21), fortythree chromosomes (Fig. 22) and one hundred and ninety-
five chromosomes have been also recorded (Fig. 23).

12, G0 infortunatum Gaertn. Type I. (2n=>52=A" LBt Foy-LF'y4-Gy)

Fiftytwo chromosomes are present in the normal complement. Size varies from
11 pto 16 w. Four chromosemes contain secondary constrictions.

The normal complement is composed of two pairs 6f A', two pairs of B, seventeen
pairs of F, one pair of I’ and four pair$ of G (Figs. 24 and 24a).

‘Twentysix clear chromosomes have been observed in the two poles of Metaphase 1.

130 G oinfortunatum Gaerth. Type 11, (2n=52==4,-L F, 1 F,,-+Gy)

The somatic complement is composed of fiftytwo chromosomes. Chromosome

length varies from -] p to 1-9 @. One pair of chromosomes hears SCCOHdal}’V

constrictions, e
In the complement, there occur one pair of 4, one pair of E, twenty pairs of & and

S

four pairs of G type chromosomes (Figs. 25 and 25a). Twentysix clear bivalents have .

been noted in Metaphase 1.

14, C. infortunatum Gaertn. Type 111, (20=52=dA', + Fy+Fgg+GCy)

The complement is formed-of fifiytwo chromosomes. Chromosome size varies from
30 pto 2-1 p. The normal somatic complement consists of two pairs of 4’, one pair
of £, nineteen pairs of F and four pairs of ¢ (Iigs. 26 and 26a). Twentysix clear
bivalents have been found in Metaphase 1. s -
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5. O, infortunatum Gaertn. Type IV, Qn=52=4,+E,J-F, --G,)
Fiftytwo chromosomes are present in the somatic complement.  Size of the chromo-
‘somes varies from 1-2 pto 21 p.  Four chromosomes bear secondary constrictions.
The following types have heen recorded in the chromoesome set of the normal
complememﬁtwo pairs of 4, three pairs of E, twenty pairs of ¥ and one pair of &
(Figs. 27 and 27a). Twentysix clear chromosomes have heen found in each pole of
Metapliase 11.

16. €l infortunatum Gaertn. Type V. (2n=532=4, - 4"+ F,; +G,)

Fiftytwo chromosomes arve present in the somatic complement. Chromosome size
Valies from I'T pto 18 p.  Four chromosomes bear secondary constrictions.

" 1In the complement, there occur one pair of 4, one pazr of 4', twentythree pairs of
Fand one palr of G type (Figs. 28 and 28a), o

17, C. infortunatum Gaertn. Type VI. (Sn=32=4", +E;+F,,)

The normal somatic complement contains fiftytwo chromosomes. Their size varies
from I-1 pto 1-8 u. Two pairs of chromoesomes contain secondary constrictions,

The normal complement consists of two pairs of 4’, four pairs of E and twenty pans
of F type chromosomes (Figs. 29 and 29a).

Genus—Fitex

Three species of this genus have heen investigated and the 2n numbers found are 32
and 34. Karyotype analysis reveals that morphological similarity is found in the
members of the complement of the species and a number of types is common amongst
them. In all nine different types have been fdund, considering the size and location
of the primary and secondary constrictions. Ar‘hrief description of the types is given

helow:

Type 4-—~Comparatively long chromosome with submedian to nearly sub-
median primary constriction. _

Type B-—Comparatively long chromosome with median primary constriction,

Type C—Comparatively lorig chromosome with two constrictions, primary
and secondary, one is nearly median and the other is located in the
submedian position at the end of the longer arm.

Type C'—Similar to ¢ but shorter in size, and distal shmte‘;t arm almost a
satellite.

Type D—Comparatively long clivomosome with two constrictions, primary
and secondary, both in the nearly sibmedian positions dividing
the entire chromosome into three almost equal parts.

Type E—Comparatively long chromosome with nearly sedian prisnary cons-
triction and a satellite at the distal end of the short arm.

Type F—Medium sized chromosome with median to nearly submedian pri-

Y mary consiriction. ' '
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. i . I i
‘Type G—Short sized chromosome with nearly submedian primary constric- -
tion.
‘Type H—Short chromosome with median primary constriction,

1. Vitex nagundo Linn._(271:34':Aa?-i~Bg—l—Cg—{«D.3+E2+FH+G4+HG).

The normal somatic complement is formed of thirtyfour chromosomes, The chromo-
sbmcs, when arranged in order of size, form a graded series. Size varics from 16 o

0 31 . Six chromosomes with secondary constrictions have heen worked out.

A thorough study of the karyotype shows the presence of one pair of each of the
types 4, B, G, D and E, seven pairs of F, two pairs of G and three pairs of / type chromo-
.somes. B type is longer than 4 and Z is longer than ¢ and D in this complement.
F'types show size difference, and three pairs possess nearly submedian constriction while
in the rest it is median (Figs. 30 and 30a).

Seventeen clear”bivalents have been found in Metaphase I and seventeen chromo-

somes in the two poles of Metaphase 11,

2. V. agnus-castus Linm. (2n==32 = A, }-Cy -+ 0y FFog +Gy+H,)

Thirtytwo chromosomes occur in the normal somatic complement of the species.
Size varies from 12 12 to 2:7 p.  Chromosomes form a graded series. Four chromo-
somes bear secondary constrictions in this complement.

The normal somatic complement consists of one pair of 4, one pair of €, one pair
of (', ten pairs of F, one pair of G and two pairs of H type chromosomes. The ¢ pair
is longer than the 4, and F pairs show size differences., Three pairs of F type possess
nearly submedian constrictions (Figs. 31 and 31a),

3. V. trifolia Lion. (2n=34) o
- . . . . € .
Only meiosis of this species has been completed. Seventeen clear bivalents have
been found in Metaphase I of this species. Regular tetrad formation and no irregu-
larity have been found. o

Genus— Tectona

One species in this genus has been worked out.

1. Tectona grandis Linn. (Zn=36=4,+8;,-+Cy,}

Thirtysix chromosomes have been found in the somatic complement of the species.
Chromosomes are in general short and form a graded series when arranged in order of
size.  Size ranges from 1-0 w to 16 p.  One pair of chromosomes hears secondary cons-
triction.  Karyotypic study reveals that the complement is formed of following types
{¥igs. 52 and 32a):

Type 4--One pair.of comparatively long chromosomes with two constrictions,
primary and secondary, one in nearly median position and the other
submedian at the distal end of the longer arm. The median scgment
15 longer than other segments of the chromosome. ¢
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Type B—Medium sized chromosomes. Out of the seven pairs of this type
two pairs possess nearly median primary constrictions and the rest
“median primary censtrictions.

Type C—Ten pairs of shmt chromosomes with median pr1ma1y constrictions.

Eiglltccil clear bivalents have been noted in Metaphase 1.
Genus—>Stachytarpheta

Somatic study of only one species ir: this genus has been done. S. indice Vahl.
contains somatic nuclei with 2n=160 chromosomes. Chromosomes are short in
general, and the majority have median primary constrictions.  Six chromosomes
have been seen to bear secondary constr ictions (Fig. 33). ' '

Genus—Durania

All the three species investigated In this genus contain 2n==34. In D. macrophylla
two chromosomes in the complement contain secondary constrictions. Considering
the size of the chromosomes as well as the positions of the primary and secondary
. comstrictions a number of types can be recognised‘in each complement, and it has been
found that a number of types is common in different species. The gross morphological
characters of the types are described below:

Type A—Comparatively long chromosome with two constrictions, primary
and secondaty, one nearly median and the other submedian in
posmon.

Type A'—Comparatively long chromosqme with nearly median primaty cons-
triction and a*satellite at the distant end of one armi.

Type B—Comparatively long chromoscme with two constrictions, primary
and secondary, one nearly submedian and the other submedian in
position. The median segment is considerably longer than the
other segments.

Type C—Comparatively long chromosome with neaﬂy median to nearly sub-
median primary constriction, '

Type D—Medium to comparatively short chromosome with median to nearly
median primary constriction.

Type E—Short chromosome with median primary constriction.

1. Duranta plumieri Jacqu. (2n=34=A4",+C;+ Dy +Ey)

The normal somatic complement of the species contains thirtylour chromosomes,
forming a graded series. Size ranges from 09 pto 21 p. Four chromosomes in the
complement bear secondary constrictions.

A critical study of the karyotype shows the presence of two pairs of 4, two pairs of
€, eleven pairs of D and two pairs of E type. One pair of 4’ is shorter than the other
and among the tiro pairs of C, one containg median and the other nearly median cons-
triction (Figs. 34 and 34a). ‘ o
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Seventeen clear bivalents have been ohserved in Metaphase I and seventeen chromo-
somes in each pole of Metaphiase T1.

2. D. plumiert Jacqu. var. alba (2n==34=4, 1B, - Cy +D o -+E,)

Thirtyfour chromosomes have been found in the normal somatic complament.
Size difference is present ranging From 0-9 gt 2-3 . Secondary constrictions have
been seen in four chromosomes. :

The normal somatic complement consists of one pair of 4, one pair of B, four pairs
of (i, nine pairs of I? and two pairs of £ type. Members of the D type show noticeable
size difference. Three pairs possess nearly mecian consiriction and are nearly short
in size. One pairis considerably longer than other pairs and ig nearly equal to the
G type (Figs. 35 and 35a).

Seventeen clear bivalents have heén observed in Metaphase I.

8. D. macrophplla {(2n=3%=A,+C, Dy, -F.) .

Somatic ‘complement contains thirtyfour chromosomes. Chromosomes form a
graded series and the size ranges from 1-2 p to 17 p.

Karyotype analysis shows that the complement is composed of one pair of 4, two
pairs of €, thirteen pairs of D and one pair of £ type. Five pairs of D type contain
nearly median constrictions and the others median constrictions (Figs. 36 and 36a),

- Genus—Pefrea
One species of this genus has been investigated.

L. Peirea volubilis Linn. (2n=34=A,+By,+Cyy

Thirtyfour chromosomes have been observed in the somatic complement of the
species.  Chromosomes are in generdl short and size difference is not marked, ranging
from 1-2 pto 17 p. They form a graded serics, according to size, one type slowly
merging into the other. Onc pair of chromosormes in the complement DOSSESSEs Secon-
dary constrictions. Three types of chromosomes may be recognised considering the
size and position of the constrictions. Descripiion of the types is as follows (Figs. 37
and 37a): '

Type A—A pair of comparatively long chromosomes each with a nearly median
primary constriction and & satellite at the distal end of the arm.
Type B—Comparatively medium sized chromosomes with nearly median to
median primary constrictions. Seven pairs of this type are present,
two of which are slightly shérter than others.
T ype (—Short - chromosomes with a median primary COHStI‘lLthH Nine
pairs are seen.
Besides the normal complement a somatic nucleus with 35 c]nomcsomes has been
worked out (Fig. 38}.
Meiotic study reveals seventeen . clear bivalents in Metaphase (1 and sevenieen
chromosomes in the two poles of Metaphase TT,
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Genus—Gmelina
One species of this genus has been investigated.

1. . Gmelina hystrix Schult. (2n=38=d,+B;+Cy+Dys)

" The normal somatic complement of the species contains thirtyeight chromosomes.
Chromosomes are in general short and their size varies from 08 pto 16 p. Two
chromosomes contain secondary constrictions. Four morphologically different types

can be recognised, namely (Figs. 39 and 3%a):

T;fpe A—A pair of comparatively long chromosomes, each with a median
primary constriction-and a sateilite at the distal end of one arny,

Type B—Five pairs of mediumn sized chromosomes with median to nearly
median primary coustrictions, grading in size.

Type C—Two pairs of very short chromosomes with nearly subterminal
primary constrictions. ‘

Type D—Eleven pairs of very short chromosomes with median primary
constrictions. o

Tn addition to the normal complement, a nucleus with thirtyfive chromosomes has

been observed (Fig. 40).

CGenus—Holmskioldia

L3

One species of this genus has been worked out.

1. Holmskioldia sanguinea Retz. (2n==32=4, 4B, +Cg+Dg-FEy)

Thirtytwo chromosomes form. the normal complement. Chremosomes are nearly
medium sized in general and their size varies fromh 12 o to 25 . They form a graded
series and on the basis of length they may be divided into three groups:

(i) Ten pairs of comparatively long chromosomes.
(i) Four pairs of medium sized chromosomes.
(i) Two pairs of short chromosomes.
Four chromosomes in the set contain secondary constrictions,

A eritical study of the karyotype reveals that the complement is composed of five

types of chromosomes (Figs. 41 and 41a) namely:

Type A—Comparatively long chromosome with two constrictions, primary
and sccondary, one median and the other submedian in po‘si‘iion.-
One pair of this type has been found.

Type B—~Clomparatively long chromosome with mearly submedian primary
constriction and a satellite at the distal end of the long arm. One
pair is present. :

' Type G- Comparatively long chromosome with median to nearly median
primary constriction.  Eight pairs of this type are found. .
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Type D-—Medivm sized chromosome with nearly median primary constric-
tion. Four pairs have been found.
Type E—>Short chromosome with median to nearly median primary cons-
triction. Two pairs are present. |
Besides; a_cell with thirtyfour chromosomes has been ohserved (Fig. 42).

Genus—Caryopieris

In the two species investigated under 1his genus, 22 =40 and 52 are seen. Chromo-
somes are in general medium sized. Depending on the gross morphological similarity
a number of types has been found to be common between the species. In all, seven
different types have heen worked out and their general description is given below:

Type A—Long chromosome with two constrictions, primary and secondary,
one nearly median and the other nearly subterminal in position.

Type B—Long chromosorze with nearly subterminal primarv constriction.

Type (—Long chromosome with median primary constriction ’md a satellite
at the distal end of one arm.

Type D-~Comparatively long chromosome with two constrictions, primary

. and secondary, both located in nearly submedian position, dividing

the chromosome into three nearly equal segments.

Type E—Comparatively Iorw chromosome w1th nearly subterminal primary
constriction. This type is shorter than B.

Type F—Medium sized chromosome with median to nearly median primary
constriction, @

Type G—Short chromosomes with median to nearly median primary
constriction.

1. Caryopleris mastasanthus Schau, (blue) 2n=32=A,+8,+1, +F14+G;2)

The somatic complement is composed of fiftytwo chromosomes. Their size varies
from 1-1 p to 25 u.  Four chromosomes bear secondary constrictions.

The normal complement is formed of one pair of each of 4, B and D, seven pairs of
F and sixteen pairs of & type chromosomes. Two pairs of ¥ are longer than the others
(Figs. 43 and 43a). In addition to the normal number, somatic nuclei with thirtyeight
chromosomes (Fig. 44) and fortyone chromosomes (¥ig. 45) have also been recorded.

2. G mastacanthus Schau, (pink) (2n=40=4,4B;+C, 1+ E;+-Fy-+Gyy)

Forty chromosomes form the somatic complement. Size varies from 16 p to 40 w,
and when arranged serially they form a graded series. Three pairs of chromosomes
bear secondary constrictions,

The karyotype is formed. of one pair of 4, three pairs of B, two pairs of G, four pairs '

ccach of B and F and six pairs of G type chromosomes. B, K and F types show size .

difference. Two pairs of (7 type are longer than the remaining pairs (Figs. 46 and 46a).
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Pesides, somatic nuclel with thirtynine (Fig. 47) and fortyone (Fig. 48) chiomosomes
have been seen. :

Genus—CGallicarba

One species of this genus has been worked out.

L. Callicarpa macrophylla (2n=34 =4, B, +-Coo +Dy-Eg)

The normal somatic complement of the species contalns thirtyfour chromosomes.
Most of the chromosomes arc medium sized.  Size varies from 0-9 p to 2-5 w and chro-
mosomes form a graded series. Four chromosomes in the set bear secondary
constrictions,

Karyotype study reveals that the complement is formed of five different types of
chromosomes—distinguished from one another by their size and location of the cons-
trictions, namely (Figs. 49 and 49):

- Type Ad—~Comparatively long chromosome with nearly median primary
constriction and a satellite at the distal end of one arm. Two pairs
are present.

Type B~One pair of comparatively long chromosomes with median primary
constriction. ‘ -

Type C—Long to medium-sized chromosome with median to nearly median
primary constyiction. Ten pairs-have been found.

Type D—One pair of medium sized chromosomes with nearly subterminal
primary constriction,

Three paire of short chromosonies with median primary constrictions.
In addition to the normal complement, a variation number of 32 chromosomes has
been recorded (Fig. 50).

Genus—Congea

One species of this genus has been worked out.

1. Congea tomentosa (2n=>34%= dy-4-Bg-1-Cy, D)

The normal somatic complement of the species contains thirtyfour chromosomes.
Chromosomes are in general medium sized, graded and show size differences. Size
ranges from 1-4 pto 221 p. Two chromosomes with secondary constrictions have
been secn. )

Karyotype analysis reveals that the complement is formed of four types of chromo-
somes (Figs. 51 and 51a} namely—

Type A--Comparatively long chromosome, with two constrictions, primary
and secondary, one median and the other submedian. One pair
of chromosomes is present.
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Type B--Comparatively long chromosome with neatly submedian primary’
constrictions, represented by three pairs in the complement.

Type C—Comparatively medium sized chromosome with median to nearly
median primary constrictions. Seven pairs are present.

Type D—Comparatively short chromosome with median primary constric-
tions. Six pairs have been worked out.

Tn addition to the normal complement a variation plate with thirtyone chromosomes
has been recorded (Tig. 52).

Seventeen clear bivalents have been observed in diakinesis and in Metaphase I
Seventeen chromosomes have been seen in one pole of Metaphase IT.

- Genus— Verbena

Two species of this genus have been investigated, both having the same chromosome
number i.¢. 2n=10 and also having one pair of chromosomes with secondary consiric-
tions. In general the chromosomes are comparatively longer than in the other genera
studied so far. TIn all five different types of chromosomes have been identified from
the idiograms of the two species, and distinctive characters, mainly involving the size
anid the location of constrictions, have been described below:—

Type A—TLong chromosome with nearly submedian primm‘y'constriction.

Type B—Long chromosome with two comstrictions, primary and secondary,
one nearly median and the other ;uaarly subterminal at the distal
end of the short arm.

Type B'—This type resembles type B but differs from the latter by the presence
of a satellite at the distal end of the short arm.

Type C--Long chromosome with median primary constriction.

Type D--Medium sized chromosome with nearly submedian to submediarn
primary constriction. -

1. Verbena erinoides Lam. {mauve flower) (On=10=cd,+B's+Dyg)
Ten chromosomes are present in the somatic complement. They form a graded
series and the size ranges [rom 3-4uto 41 p. Orfe pair possesses secondary constrictions.
The somatic complement is formed of two pairs of 4, one pair of B" and two pairs of
D type. Pairs of Type 4 show a little size difference (Figs. 53 and 53a). ‘
Five clear bivalents have been observed in diakinesis and Metaphase I and five

chromosomes in the two poles of Metaphase IT.

9. V. aubletia Jacq. (ved fower) (2n==10=B,+C;+Dy) :
The somatic complement is formed of ten chromosomes. They are graded and the

size varies from 3-7p to 44, Only one pair bears secondary constrictions.

*" Analysis of the karyotype reveals that the complement is composed of one pair of B,

L

two pairs of C and two pairs of D (Figs. 54 and 54a). '
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Grenus—Nystanthes

Only one species of this genus has been investigated.
B Nycianthes arboriristts Linn, {(2n=44=4,+B,+C+D,g)

« Fortylour chromosomes constitute the normal somatic number of this species. They

© are in general short and their size varies from 0-8p to 2:0pu. Four chromosomes in

the complement possess secondary consirictions, 7
A critical study of the karyotype reveals that the complement is composed of four
types of chromosomes {Figs. 55 and 55a) namely:—
. Type A—Comparatively long chromsome with two constrictions, primary
-and secondary, one is nearly median and the other is nearly submedian
in position. One pair has heen observed.

Type B—Comparatively long chromosome with nearly median primary
constriction and a satellite at the distal end of one arm. One pair
is present.

Type C--Comparatively medium sized chromosome with median to nearly
median primary constriction. It is represented by seven pairs in
the complement, showing size difference amongst them. -

Type D-—>Short chromosome with median primary constriction, represented
by thirteen pairs in the set.

In addition to the normal complcment a somatic nudeus with thirtyfour cliromosomes
has been worked out {Fig. 56).
Twentytwo clear bivalents have been found in Metaphase 1.

'

Discussion
Chromosome rumber and its significance in interpreting evolution in Clerodendron

Species of Clerodendron studied by previous authors show a range of chromosome
numbers between 24 and 108, The haploid numbers so far recorded are 12 and 23,
In the present investigation 2r==52 chromosomes have been scen in (. infortunatum
and all its varieties as well as (. minahassae, C. frogrons, €. nutans, C. stphonanihus and
C. squamatum.  2n=46 chromosomes have been found in €. thomsonae var. 1. €. dnerme
‘and C. splendens wheveas 2n=48 is present in another variety of C. themsenae. C. ugandense
shows a somatic chromosome number as high as 184. The number 2n=>30, noted
in the present work, is the lowest of all species worked out in the present investigation.
In addition to the haploid numbers 12 and 23 recorded previously (Patermann, 1938;
Bowden, 1940, 1945; Nishivama and Kondo, 1942} the present investigation
provides evidences of the existence of two more haploid munbers i.e. 26 and 15 in species
of Clerodendron.  The number 2n==184, being a multiple of 23, once mwore indicates the
occurrence of polyploidy in Glereodendron and is the highest number so far noted.

s The natwe of origin of Cleredendren, whether mono- or polyphyletic, is yet to be
ascertained. It is :wor‘th noting that in G. thomsonae hoth 46 and 48 éhromosomes have
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heen recorded by previous authors, indicating apparently that one number 1§ derivedl
from the other. In the present work 46 chromosomes have no doubt been found in
the somatic cells of G, thomsonge, but in another variety of the same species, which
differs principally from the former in the colour of the perianth, 212=48 chromosomes
have been found. Unless properly scrutinised there is the possibility of confusing
oue variety with the other. It may be pointed out that the second variety was formerly
identified as G balfoursi Hort. which later on has been found to be a synonym of C.
shomsonae. It is not unlikely that the numerical difference in chromosomes between
these two species may account for their phenotypic difference.

“ear bivalent formation in all the species of Clerodendron suggests that whatever may
e their mode ol origin, homozygosity and a stable condition have at present been
reached by all the species.  On the basis of evidences so far obtained it appears that
¢hs numbers, 46,48 and 52 are closely interrelated. The existence of 2n =24 chromo-
seines in C. fargesti reported by Patermann (1938) indicates that 48 chromosomes
represent a polyploid level. The close phenotypic similarity between two varieties of
O thomsonae showing at the same time 46 and 48 chromosomes respectively, suggests
(hat 9n=46 chromosomes is therefore derived possibly from 2n=48 by the loss of one
chromosome in the haploid set. It is also likely therefore that 2r=52 chromosomes,
i.c. a multiple of 13 noted in several species of Cleradendron including C. infortunatum,
1night have been initially derived from species like C. fargesii, etc. with 9p==24 chromo-
somes, by the duplication of one chromosome in the hasic set. Bvolution through
several generations has ultimately resulted in structural changes in the duplicated
chiromosomes so that multivalent formation has been climinated. On the hasis of
these evidences it appears that species with 24, 46, 48 and 52 chromosomes and their
multiples form a common. assemblage. . '

(. masrosiphon with 2n=30 chromosomes presents a different problem. Here also
flieen clear bivalents have been recorded in meiosis. At present there is no cytological
evidence to suggest that n=15 has been derived from species with n=12 chromosomes.
In external morphology however the species has close affinity with other species of

Clerodendron and bears the character of the genus. Unless data suggesting that ns==12

and n=15 have been derived from the basic set with mouch lower chromosome number
are obtained it is reasonable to consider that in the genus Clerodendron at least two Iines

of evolution are operating, one starting with 12 and the other with 15 chromosomes.

Evidences from karpotype analysis and chromalin content in Clerodendron

That the different species of Gleredendron, including C. masrosiphen, have been rightly
inchided under the genus Clerodendron is borne out by their karyotypes. Chromosomes

are grossly divisible into eight distinct types, though modifications have been noticed

in different specics and varieties. (hromosomes in general are not very long, being

medium to small in size, and the karyotype is graded. Size difference between members

of the complement is not abrupt. The totz] chromatin length varies between 2824
5 46-1p.  The slight difference in chromatin matter and difference in mimate details
of karyotype account to some extent for their individual specific and varietal status. - It

A
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75 clear that in this genus structural changes of chromosomes have playeﬂ a significant
“role in the origin of different taxa.

" Method of sheciation through somatic alteration n Clerodendron

With regard to the origin of different species and strains of Clerodendron a discussion
‘on the behaviour of chromosomes in the somatic tissue is necessary. Several species
worked out during the present investigation cxhibited variations in the chromosome
complements in the somatic tissue occurring in a few cells (5%--129%,) along with
the normal nuclei. For example, in C. squamaium {In= 52) fortyeight chromosomes
have been found in the variant nuclei. Simiarly, in C. thomsonas var. II {2n==48),
fortytwo, fifty and fortysix chromosomes are present in some of the complements, In
C. siphonanthus rormally containing 27=352 chromosomes, fortysix chromosomes have .
been noted in the variant nuclei. It is 'worthy of note that i in several other species of
Clerodendron, 2n=46 is the normal number for the species.

No doubt species of Clerodendron excepting a few, such as G, siphorianthus, arve charac-
terised by regular occwrence of sexual reproduction and propagation through seeds..
But in addition to sexual means a very common method of propagation in them is
vegetative. The numerical alteration of chromosomes as noted in the somatic Hssue
has not however been found in the péllen mother cells. Evidently, it appears that
they do not survive up to the germ cell stage. But their evolutionary significance
can be appreciated if vegetative reproduction of the species is taken into consideration.
Speciation can be affected if they participate in the formation of new daughter shoots
during reproduction. This may be one of the additional means through which evolu-
tion in this genus has been facilitated. The occurrence in the variant nudleus of a
particular chromosome number {46) amongst dthers, which is otherwise normal for

other species, may point to such a possibility,

Chtological date and the iawrwmwm’ status of other genera of the Verbenaseae

The twelve genera on which investigations have been carried out in the present work
fall under different tribes of Verbenaceae. Of these six genera helong to the tribe
Viticae, two to Verbeneae, and one each io Caryopterideaec and Symphoremeae.
As most of the genera fall under Vitieae a discussion on these genera will be followed
hy others.

In Vitieae along with Cleredendron the other genera ave Callicarpa, Tectona, Gmelina,
Vites and Holmskioldia. In Callicarpa macroplyiia 34 chromosomes have heen observed
whereas previous records in G. japonica were 16 and 18 chromosomes in the same species.
In view of the lower chromosome number in the allied species it is apparent that C.
macrophylla represents a polyploid level.  The record of 16, 18 and 34 chromesomes in
the same genus also suggests that aneuploid variations have contributed to the evolution
of this genus. ‘

In Teciona grandis the chromosome number observed is 2n=-36 indicating a mudtiple
of either 9 or 18. As no other species of Teciona has so far been recorded it is not
possible to assert its polyploid nature, though the multiples of 9 chromosomes {2r=18}
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noted in the allied genus Callicarpa japonica, the individuals of which are also large tress”
like Tectona grandis, may point to such a possibility. However melosis in 7. grandis
is characterised by clear hivalent formation. As in the family Verbenaceae, even in
‘species with very high chromosome numbers, such as Cleradendron infortunatum {2n==52},
regular bivalent formation has been noticed, it is evident that mere bivalent forma-
. tion may not indicate the diploid level of the species concerned and it may be due to
amphidiploidy.

Therefore there is a possibility that Testons grandis, though showing formation of
hivalents, may not be a diploid, specially in view of the chromosome numbers noted
in the allied genera. On the basis of chromoesome number and taking into account
that habit of the species as well, one is inclined to believe that Callizarpa is very much

“related to Tectona not only in external morphology but in the cytology as well.

In the other genus Gmelina which is also characterised by both arborescent and shrubby
habit, 2n==38 chromosome number has been found in G. Apstrix.  In view of the absence
of any previous records on any other species of this genus it is not possible to state
precisely its diploid and polyploid status. In view of the arborescent nature of the
plants, their similarity with Callicarpa and Tectora cannot be disregarded.

Chromosomes of the species of Fitex present interesting data, The previous record
in V. agnus-castus is 2n=24 and in V. @ifelia 22=32. In individuals of V. agnus—casius
studied here the chromosome number has been found to be 32 and in V. &rifolic it is 34,
The occurrence of 24 and 32 chromosomes in different individuals of V. agnus-castus
suggests that intraspecific polyploidy exists in the species. In V. frifolia on the other
hand 32 and 34 chromosomes indicate the occurrence of aneuploid variations at an
mtraspecific level as noted in Callicarpa japonics as well.  Another species studied here,
l.e., Vitex negundo, also shows 2n=34 chromoscmes. On the basis of the chromosome
number in Fiex, te., 24, 32, 34 and the occuirence of both 82 and 84 chromosomes
in the same species, it may be stated that eight in all probability is the basic number
of this genus whence both polyploid and aneuploid variations have later contributed
to its evolution. In V. negunde (2n==34) seventcen clear hivalents have been observed.
This may be due to fact that continued evolution invelving structural changes has
ultimately resulted in the elimination of any evidence of duplicated chromosomes.
There ¢can be no doubt that species of this genus represent a natural assemblage.

Leaving aside Clerodendron which has already been discussed the other genus in
Vitieae of Verbenaceae is Holmskioldin. 'The habit of the species of Holmskioldia is very
similar to that of JViter. The chromosome number noted is also 32, indicating its
aflinity with Pilex as well. On the basis of chromosome numbers at least the genera
Clergdendron, Vitex and Holmskioldia show a close relationship.

Ciytological evidence therefore suggests that the tribe Vitieae of Verbenaceae contains
at least two assemblages—one including genera ke Vitew, Clerodendron, Holmskioldia,
and the other including Callicarpa, Teciona and in all possibility Gmelina too. Tt would
hie more natural to separate these two groups of genera at least in two separate tribes.

"The tribe Verbeneae of this family is represented in this investigation by four genega
namely Verbena. Stachytarpheta, Peirea, and Duranta. Tn both species of Verbena ten
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“Caromesores have been found, which are quite long. Of the other species of Ferbena
too, a large number has been shown to possess the same chromosome number by
previous authors, It may be pointed out in this connection that secondary association
has been found in V. erinoides, and if this issue is confirmed in other species as well then
the basic number of this genus may be even lower than five. :

In Stachylarpheta indica on the other hand a chromosome nwmber as high as 160 hag
been found. Previous records show the lowest number as 95 =48 (Patermann, 1938)
in this genus. This number is 2 clear indication of its polypioid nature. The chro-
mosomes too are very small as compared to that of Verbeng. No doubt the high degree
of polyploidy may to some extent be responsible for the decrease in chromatin matter
as found in a number of other species of flowering plants (Delaunay, 1926;-Babcock
and Gameron, 1934}, But even then the wide difference in external morphological
characters between Verbenz and Stachytarpheta cannot be overlooked. The spike in
the former is condensed whereas in the latter it i elongated, thus giving an entirely
different appearance to the two. It may be noted that the two genera of Verbendae,
namely Lippia and Lantane studied previously, are also characterised by condensed
¢ymes and the chremosome size too is not very small.  On the hasis of wide difference
in external morphological characters as well as the chromosome number it appears
that Stachyiarpheta will be in a more natural position if placed in a separate tribe other
than Verbeneae. The basic number in this genus is yet to he determined. Species
af Verbena with long chromosomes and fairly symmetrical karyotype not only represent
a primitive level in Verbeneae,but are possibly primitive to all other genera of Ver-
benaceae. : )

Three species of Duranta containing 2n=34 chromosomes can also he conveniently
classed nnder Verbeneae not only because of théir chromosomes but also the nature of
the inflorescence.  Similar is the case with Petrea volubilis (2n=34). The complements
of Petrea and Duranta are alike not only in chromosome number but in chromosomic
morphology as well. Their meiosis too shows seventeen clear bivalents, Tt may he
noted in this connection that a previous reports in 1. repens {plumicri) is 2n=136 {Pater-
mann, 1938) as against 2n==34 in the present record. It is evident therefore that an
ancuploid biotype exdsts in this species as well.

Fwo varieties of Carpopteris masiacanthus belonging to the tribe Caryopterideae have
been shown to possess different chromosome numbers. In one the number has been
found to be 2r==40 and in the other 2n==52. Such intraspecific variation in chro-
mosome numbers indicates the possibility of existence of hiotypes and suggests that
aneuploidy is a significant factor in their evolution.

In Congea lomentosa, the only species of the tribe Symphoremeae which has been
studied here, the chromosome number is 22==34. Sevenieen clear bivalents have
heen observed during meiosis, This number however is not uncommoen for the family
and a correct systematic assignment would await availability of data on related genera;

Karpolype analysis and iis inderpretation
. .

In spite of the fact that different genera of this Tamily are characterised by large
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differences in chromosome numbers in different genera zmc'i species, the kalyotypf;
snmlanty is remarkable. This is a clear indication that the family itself represents a
natural assemblage. Chromosomes are mostly medium sized varying to short. The
size difference is never marked and the l\alyoLypc is graded. Most of the chromosomes
are provided with median to submedian primary constrictions and the nuwmbers of
satellites and secondary constrictions vary between two and eight. The total amount
of chromatin content too does not show much difference. In the case of Verbena alone
the chromosomes are fairly large, and the chromosome number too in this genus is
=5. This genus undoubtedly represents a very primitive state.

Minute details of the karyotypes however distinguish each species from another,
‘and every species has its distinctive karyotype formula. This is an indicatien that
slight structural changes in-chromosomes have been associated with the evolution of
different genera-and species of Verbenaceae.

Variation of chromosome number in the somalic Hssue

Similar to that of Glerodendron a considerable amount of variation of chromosome
complements in the somatic tissue has been found along with the normal complements.
Though the frequency of their occurrence isvery low, not exceeding 129 of the dividing
cells, their occurrence itself in most of the species cannot be ignored,

Such somatic variations are common in species reproducing through vegetative
means where they play a significant part in the speciation. In the Verbenaceae the
significance of such variations is borne out by the faqt that a considerable degree of
aneuploidy exists not only between species and genera of this family but even at an
intraspecific level. The meiosis so far studied has been found to be regular. . The
origin of large differences in chromoSome numbers hetween genera and species of a -
natural family Iike the Verbenaceae cannot be explained if their meiotic behaviour
alone is taken into consideration., Such regular meiosis with hardly any variations
cannot account for chromosome diversity between different taxa of this family. Evi-
dently the variations in the somatic complement brought forward in the present inves-
tigation seem to be playing a significant role in speciation. In spite of sexual reproduc-
tion, vegetative reproduction too is profuse in a majority of the species. It is therefore
quite likely that such somatic variation participates in the formation of daughter shoots
during vegetative reproduction and helps in the origin of gew phenotypes and genotypes
(Sharma, 1956). '

Cyiological evidences of Nyctanthes arbortxistis in support of dts taxonomic position

Considerable debate has heen held on the systematic position of the genus Nyetanthes.
Tn view of certain morphological characters Jussieu and Linnaeus supported the in- -
clusion of the genus under Oleaceae, whereas recently it has been placed by Airyshaw
{1952) under Nyctanthicideae—a new tribe—hbetween Callicarpeae and Tectoneae
(Engler and Prantle).

Cytologically the chromosomes of N. arbortristis (2n=44) are quite mtel estmof Al
of them are very small, and the size variation is not marked, ranging between 0-8p
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" und 2-0u.  There are only four types of chromosomes, and two pairs are provided with |
‘secondary constrictions or satellites. This karyotype finds remarkable similarity with

Teclona grandis (2n=234). There only three typés of chromosomes are present which
are very small, and one pair is provided with secondary constrictions, The mumber
44 is also not uncommon for the family Verbenaceae where aneuploid variations have
played a significant role in speciation. ~ In view of these facts the position of Nustanthes
in a separate tribe allied to Tectoneae is justified. Its relationship with Cellicarpa is

vet to be found out.

SunMARY

Cytotaxonomic investigation. was carried out on thirtyfive taxa of Verbenaceae
including twentyeight species under thirteen genera-covering the four tribes of the
family. '

The haploid numbers 2=26 and 13 are new additions in the genus Clerodendron
where previous records show n=12 and 23. On the basis of cytological data it has
been suggested that 2n=>52 chromosomes, as found in C. siphonanthus, G, inforiunatum,
C. fragrans, etc, might have been initially derived from species with 2n=24 chromosomes
by the duplication of one chromosome in the set. Similarly 2r=46 chromosomes
might have been derived from 2rn=48 by the loss of one chromosome in the hapleid set.
Regular bivalent formation in all the species suggests that evolution through several
generations has ultimately resulted in structural changes in the duplicated chromo-
somes and thus muitivalent fprmation has been eliminated. It has been suggested
that in the genus Clersdendron at least two lines of evolution: are operating, one starting
with 12 and the other with 15 chromosomes as represented by G. macrosiphon.

Evidence has been presentec, to show that structural changes of chromosomes have
played a role in the origin of different taxa. Var iation in chromosome complements
have been noted and their significance in spf:cntlon through vegetative means has
been pointed out.

Five other genera besides Clerodendron have bheen studied U.IldCl the tribe Viticae.
Polyploidy in species of Callicarpa has been esteblished and different chromosome
numbers have been noted in the genus. Teclona grandis, resembling the species of
Callisarpa in habit, shows 36 chromosomes. TIts exact polyploid status and the basic
set is mot possible to assert at present., The same is the case with' Gmeling hystriz. -~ The
occwrrence of 2n=24 and 32 in the same species of Vifex agnus-castus suggests that in-
traspecific polyploidy cxists in this species. That ancuploid variations exist in in-
traspecific level is evident from the occurrence of 32 and 34 chromosomes in V.
trifolia. Tt has been suggested that cight in all probability 13 the basic nuwmber of the
genus, Holmskioldia with its chromosome number and habit shows close affinity with
Vitex. Cytological evidence therefore suggests that the tribe Viticae of Verbenaceae
contain at least two assemblages—one including Vitex, Clerodendron, Holmskioldia Iand
the other including Callicarpa, Tectona and in all probability Gmelina too.

: In the tribe Verbeneae species of Verbena having 2n=10 and long chromosomes
with fairly symmetrical karyotype represent not only a primitive level in Verbeneae
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but are possibly primitive to all the other genera of Verbenaceae. Cytological dati'f:ﬁq}
as well as characteristic inflorescence in Stachytarphete differ from Verbena, and it has
been suggested that the former will be in 2 more natural positior: if placed in a separate
tribe.  The numbers 34 and 36 reported in D. plumieri suggest that aneuploid biotypes
exist in this species.

Bxistence of chromosomal biotypes in Garyopteris mastacanthus with different chromo-
some numbers 52 and 40 has been shown., The systematic position of Gongea tomentosa
must await further work on related genera of the tribe Symphoremeae. .

Nyctanthes arboriristis with 9n=14 chromosomes, formerly belonging to the Oleaceae,
has been placed under Nyctanthioideae in the Verbenaceae by Airyshaw (1952).
Considering the similarity with Tectona orandis in cytological data, and the chromosome
namber, which is also present in family Verbenaceae, its position in a separate trihe
allied to the Tectoneae has been justified.
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Tros. 1-17.  Clerbdendron thomsonac var. L, Fig. |, somatic metaphaze with 2n=46 chromosomes, . them-
sorag var. 11, Figs, 2-5, somatic metaphase with 2n==48, 42, 50 & 46 chromosomes, respectively. €. mac-
rasiphon, Fig. 6, somatic metaphase with 2n—=30 chromosomes. €. spuamatum, Figs. 7 & 8, somatic metaphase
with Zr==52 & 48 chromosomes respectively. €. jnerme, Fig. 9, somatic metaphase with 2n=46 chromo-
somes. . mitans, Fig. 10, somatic metaphase with 2n=52 chromosomes. (. stphonanthus, Figs. 11 & 12,
samatic metaphase with 2n =52 & 46 chromosomes respectively. O fragrans, Figs. 13-16, somatic metaphase
L with 2r=52, 30, 13 & 46 chromosomes respectively.  C. splendens, TFig. 17, somatic metaphase with 2n
' =46 chiromosomes.
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Fres. 18-27.  Clerodendron minahassae, Yigs. 18 & 19, sornatic metaphase with Zn=32 & 4§ chromosormes
respectively. €. ugandense, Figs. 20-23, somatic metaphase with Zn=184, 154, 43 & 95 chromosomes

vespectively, O, inforfunatum Type I, Fig. 24, somatic metaphase with 2n=>52 chromose

mes.  C. infor-

tunatun Type 1T, Fig, 25, somatic metaphase with 2n=>52 chromosomes. C. i;;fqrtzmcgtzml Type 111, Fig. 26,
somatic metaphase with Zn==52 chromosomes. C. infortunation Type 1V, Tig. 27, somatic mietaphase

with 21=52 chromosomes.
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Fras. 28-45.  Clerodendron infortunatum Type V, Fig. 28, somatic metaphase with 2n=52 chromosomes.
C. infortunatum Type VI, Fig. 29, somatic metaphase with 2r=52 chromosomes.  Vitex negunde, Fig. 30,
somatic metaphase awith 2n=34 ¢hromosomes. V. agmus-castus, Fig, 31, somatic metaphase with Zn=>32
chromosomes. Tectona grendis, Fig. 32, somatic metaphase with 2n=36 chromosomes. Stachptarfhela
indica, Fig. 33, somatic metaphase with 2p==160 chromosomes. Duranie Plumieri, Fig. 34, somatic meia-
phase with 2n=34 chromosomes. ). plumieri var. alba, Fig. 35, somatic metaphase with 2Zn=34 chro-
masomes. D). macrophplle, Fig. 36, somatic metaphase with Zns=34 chromosomes. DPefreq volubilis, Tigs.
87 & 34, somatic metaphasc with Zn=-34 & 35 chromosomes respectively. Gmefing fhysirix, Figs, 39 &
40, somatic metaphase with 22=38 & 35 chromosomes respectively. Hobnskioldia sanguinea, Figs, 41 &
~49. somatic mctapha§e with dr=32 & 34 chromosomes respectively. Camopleris mastacanthus (blue),
e - TS LIS Tes
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Fias, 46-56.  Caryopleris mustacanthus (pink), Figs, 46-48, somatic metaphase with 2r==£0, 39 & 41 chromo-

somes respectively.  Callicarpa macrophylla, Figs. 49 & 50, somatic metaphase with 2n=34 & 32 chromosomes

respectively.  Congea tomenipsa, Figs. 51 & 52, somatic metaphase with 2r+=34 & 31 chromosomes respec-

tively. Verbena erinvides (mauve), Fig. 53, somatic metaphase with 2n=10 chromosomes. V. aubletiu

(red), Fig, 54, somatic metaphase with 2r=10 chromosomes. Nyctanthes arbortristis, Figs. 55 & 56 somatic
metaphase with 2n=44 & 3% chromosomes respectively.
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Idiograme showing the chromesome morphology of different species and varieties of Verbenace
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