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Development and Structure of Phytomelanin in Coreopsideae (Asteraceae)
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ABSTRACT

Keywords : 

The pattern of deposition of phytomelanin has been studied in 12 taxa of the tribe Coreopsideae viz., Bidens biternata, B. 
connata, B. pilosa, B. parviflora, Cosmos sulphureus, Coreopsis grandiflora, C. major,  Dahlia merckii, D. pinnata,  Moonia 
arnottiana (subtribe Coreopsidinae) and Chrysanthellum indicum, Glossocardia bosvallia  (subtribe Chrysanthellinae).  Most 
of the species studied had pappus represented as awns or scales. In subtribe Coreopsidinae, the cypselae of Bidens connata,  B. 
tripartita are non-striated whereas in Bidens biternata, B. pilosa and Dahlia spp., cypselae are striated. In the members of 
subtribe Chrysanthellinae, cypselae are non-striated.  There was overall similarity in the pattern of spine and pore development 
at the tribal level. 
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Phytomelanin is a rigid, blackish brown, inert and The tribe Coreopsideae (Asteraceae) includes 
amorphous layer found in the walls of mature fruits and seeds approximately 24 genera  and over 500 species (Crawford et 
of some groups of angiosperms. It develops as an extra- al. 2009). The taxa are distributed worldwide with their centre 
cellular chemically inert brownish-black layer in the of diversity in the New World (Stuessy 1977, Ryding and 
schizogenous space which develops between the hypodermis Bremebr 1992).  The cypselae of the ray and disc florets of the 
and sclerenchyma layers (fibrous zone) after fertilization genera of the tribe are compressed radially and with obvious 
(Stuessy and Liu 1983, Pandey et al. 1989, Pandey and reddish resin (Robinson 1981). The cypselae are black- brown, 
Dhakal, 2001, Pandey et al. 2014). This substance is highly rarely yellowish-brown or reddish-brown, smooth to striated, 
inert chemically, that, it is insoluble in water and organic with or without wings. Pappus inconspicuous, 2-15 when 
solvents tested and can withstand concentrated acids and present with smooth or barbed bristles or awns. Almost all 
alkalis and is highly immune to bacterial decay as well as pest genera of the tribe accumulate a class of yellow flavonoids 
infestation (Pandey et al. 1989). The hypothesis suggesting compounds known as anthochlors (Crawford and Stuessy 
hypodermal cells as the source of the substance has been 1981). The 6 large genera Bidens, Coreocarpus, Coreopsis, 
widely accepted (De Vries 1948, Misra 1964,  1972, Pandey et Cosmos, Dahlia and Thelesperma had been included in almost 
al. 1989,  Pandey and Dhakal 2001). De-Paula et al. (2012) all earlier classifications of the tribe. Moonia is endemic to 
suggested the role of fibre cells in the deposition of Indian peninsular region and Sri Lanka (Stuessy, 1975). The 
phytomelanin based on ultrastructural studies. tribal, subtribal and generic level treatment of the taxa in 

Panero (2007) considered the occurrence of this study has been based on the treatment followed by Panero 
phytomelanin as a synapomorphy in Asteraceae, as it is a (2007). Coreopsidieae, Petrobiinae and Chrysanthellinae 
unifying feature of the highly nested tribes of the family  have been recognised as subtribes. Selected genera of the tribe 
(Funk et al. 2009). Phytomelanin has been considered a Coreopsideae have been studied to understand the depositional 
valuable marker in the systematics of Asteraceae (Funk et al. pattern of phytomelanin and appearance in mature cypselae.  
2009, Robinson 2009, Tadesse and Crawford, 2013, Pandey et 

MATERIAL AND METHODS
al. 2014). The latest classification of Asteraceae divides the 
family into two subfamilies and forty-three tribes (Panero and The developmental and structural studies on phytomelanin 
Funk 2002). Heliantheae alliance which includes thirteen in the pericarp of 12 taxa viz., Bidens biternata, B. connata, B. 
tribes has been documented as one of the highly derived clades pilosa, B. parviflora, Cosmos sulphureus, Coreopsis 
within Asteraceae based on molecular studies. (Funk et al. grandiflora, C. major,  Dahlia merckii, D. pinnata,  Moonia 
2009). Phytomelanin has been considered as one of the arnottiana (subtribe Coreopsidinae) and Chrysanthellum 
important characters in delimiting various tribes and genera in indicum, Glossocardia bosvallia (subtribe Chrysanthellinae) 
the systematics of Asteraceae and Heliantheae alliance have been studied. Mature cypselae were measured using 
(Baldwin 2009). The presence of phytomelanin is reported standard ruler for length and breadth. To observe the 
only in limited tribes within Asteraceae which belong to the micromorphological pattern of the mature and developing 
Phytomelanic Cypsela Clade (Panero  2011). cypselae, the cypselae were treated with 5% aqueous solution 



oof NaOH for 4-6 hrs at 60 C to remove most of the epidermis facing barbs. Fruit surface is covered with hairs. Carpopodium 
and hypodermis and washed thoroughly in distilled water. is present in the form of a complete ring at the base. There are 
Cypselae treated with NaOH reveal the part of pericarp wall tubercles distributed throughout the surface from which arise 
which includes the fibre layer and the phytomelanin deposited 3-4 spiny upwardly lirected outgrowths  (Fig. 1A).
over it. The treated cypselae were then passed through acetone The NaOH–cleared cypsela appeared dark brown with 
dehydration series and mounted in DPX. The data pertaining to striations (Fig.1B, C). The basal surface is formed of very 
phytomelanin articulation was measured with an ocular thin and elongated light brown coloured fibre cells. The 
micrometer at 400 x for variations in striation, spine and pore phytomelanin gets deposited over these fibre cells  forming 
characters. The parameters studied include presence or absence pores in the layer and spines between the pores. The 
of striation (STR+, STR-), length of spine (LS), distance phytomelanin is not deposited around the basal cells. It 
between spine (DBS), diameter of spine at base (DSB), conspicuously extends upwards to form spines which appear 
diameter of pore (DP), distance between pore vertically (DPV), as small cones in surface view with broad base.
distance between pore horizontally (DPH),  and circumference There are very fine pores on the surface of these cells 
of pore (CP). For Scanning Electron Microscopic (SEM) 

which are the regions where the phytomelanin has not 
studies, the same procedure of clearing of the cypselae was 

deposited due to the papillae arising from the fibres. Each 
adopted where mature fruits were immersed in 15% (w/v) 

spine is placed with its base over 3-4 fibre cells (Fig. 1D, 1E). 
NaOH for 4-6 hr at 60ºC to remove most of the epidermis 

The spines are arranged horizontally after every 3-4 fibre 
and hypodermis. Following thorough washing in distilled 

cells. The distance between the spines indicates the length of water, the fruits were dehydrated by passing through acetone 
the hypodermal cell lying above the phytomelanin layer. In the series and transferred to 100% acetone. The treated cypselae 
treated cypselae these cells are cleared off. The spines were then dried in hot air and mounted on aluminium stubs 
represent the phytomelanin deposited between the radial walls using double adhesive tape and sputter coated with a thin layer 
of the hypodermis. Thus two adjacent spines in a vertical row of gold in a sputter coating unit (approx. 10 nm). The cypselae 
represent the limits of the radial walls of the hypodermal cell. were then observed in JEOL-JSM-6610/LV Scanning Electron 
The scanning electron micrographs show spiny extensions on Microscope in the Department of Botany, University of Delhi 
the surface (Fig.1F, G).and in (LEO 435 VP- SEM) at AIIMS, New Delhi. Mature 

Bidens connata Muhl. ex Willd. — Cypselae are purplish cypselae embedded in both wax and resin were sectioned to 
brown, cuneate and measure 8x2.5 mm. They are compressed study the anatomical features. 
with two lateral retrorsed barbed awns measuring 2-3 mm The cypselae of selected genera were used for develop-

mental studies. The cypselae at different developmental stages (Fig. 2A). The cypsela is non-striate and 4-angled with 
were fixed in FAA (Formalin- Acetic acid –Alcohol – 5: 5: 90) tuberculate surface. The margins are  with strong barb like 
followed by storage in 70 % ethanol. The cypselae were given setae similar to those present in the awns. Carpopodium is not 
punctures and cuts to make sure proper infiltration of the present.
fixative. Large cypselae were cut transversely to ensure The NaOH–cleared  cypselae appear non-striate and dark 
proper infiltration and embedding. The cypselae were then brown with spines distributed in a definite pattern around 
fixed in 2% Glutaraldehyde for 24 hrs and thoroughly washed circular patches (Fig. 2B). These patches (pores) are areas 
with 0.2 M phosphate buffer before the material was passed where the phytomelanin has not been deposited and represents 
through alcohol dehydration series for resin sectioning (Feder the basal or inner tangential wall of the hypodermal cells and  
and O’Brien 1968). The cypselae were then embedded in form a concave pattern. The pores are very large with 3-4 
methacrylate resin.  The capsules were cut at 2-3 µm thickness vertical brown streaks running through them (Fig. 2C). These 
using an ultramicrotome (Thermo Scientific Microm 

parallel lines beneath represent the fibre cells which are 
MH315). The sections were then stained in heterochromatic 

narrow and vertically oriented. The whole pore complex tends 
stain Toluidine Blue (1%) and mounted using DPX before 

to form a honey-comb like structure (Fig. 2D).
viewing under (Boeco- BM180) microscope.  The tissues 

In cross section, cypselae show slightly 4-angled 
were identified in the sections based on the  differential 

elliptical outline with bulged middle part. There are two 
colours they take up with Toludene Blue as explained in O’ 

lateral thin extensions with four major zones (Fig. 2 E) Brien et al. (1964).
forming air pockets beneath the lateral extensions on the 

OBSERVATIONS periphery. The epidermis is single layered and composed of 
large rectangular cells with papillae forming the outer most Subtribe Coreopsidinae
zone (Fig. 2 F, H). The cells are longer horizontally. The Bidens biternata (Lour.) Merr. & Sherff — The cypselae 
second zone of cells is formed of the hypodermis which is are elongated, tetragonal, striated and black measuring 
made of single layer of palisade like columnar cells packed 15x1mm. Pappus aristae are 3-4 and are with downwardly 
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closely. The hypodermis becomes 2-layered at some places proximally and retrorsely barbed distally.  Surface is sparsely 
hairy. The cypselae are striate.especially towards the peripheral extensions (Fig. 2J). The 

NaOH-cleared cypsela shows brownish pericarp layer epidermal cells are slightly larger than the hypodermal cells. 
with phytomelanin forming pores and spines. The spines of The inner tangential walls of the hypodermis is highly convex 
phytomelanin are small and spaced at a distance in vertical that the underlying fibre cells being very small tend to form a 
rows (Fig.1 L,  M). The pores are very small. The fibre cells at wavy pattern. The zone below the  fibre zone is continuous 
the base are  seen as off-white longitudinally oriented cells. and formed of 1-2 layers of cells which are smaller than the 
The base of the spines are not as broader as in B. pilosa.hypodermal cells and show thick walls and moderate lumen. 

Cosmos sulphureus Cav. — The cypselae are dark 1-2 layers of highly obliterated parenchyma are seen beneath 
brown, glabrous, fusiform and nonstriated. The apices are the fibre zone (Fig. 2G). These are horizontally elongated 
conspicuously tapering and fusiform. Pappus is absent. The cells. The phytomelanin is present as a continuous zone 
cypselae are 17x 1.5mm and have a long beak (Fig. 3A).between the hypodermal layer and fibre zone. The 

The NaOH-cleared cypsela appears brownish with a phytomelanin forms spiny extensions along the radial walls of 
uniform pattern of spine distribution. The surface appears as the hypodermal cells (Fig. 2H). The phytomelanin forms 
transparent areas with a mesh of phytomelanin deposited as pores or gaps in those regions where the papillae extending 
thin lining along the outline of the hypodermal cells forming from the fibre cells make contact with the inner tangential 
hexagonal shape (Fig. 3B). The deposition of phytomelanin is walls of the hypodermal layer. This pattern forms large pores 
continuous. The spines are distributed at the margins of these and spines at the margins in the surface view. The hypodermal 
areas indicating outline of the hypodermal cells (Fig. 3C). The cells are clear in their contents whereas the fibre cell walls 
uniform pattern is only disrupted at the 4 margins of the show the presence of phytomelanin in them. There is a single 
cypsela.large fibre cell in the centre of the epidermis in the upper side 

In cross section, cypselae appear quadrangular in outline (Fig. 2F, 2G). Single cells in the epidermal layer at the corners 
(Fig. 3D). The sharp quadrangular demarcation represents the of the ridges are sclerified and large (Fig. 2 K). At places the 
four margins of the cypsela. The epidermis is single layered fibre cells show extensions which almost extend upwards to 
followed by a layer of radially elongated hypodermal cells the epidermis (Fig. 2 I). These are at the corners or ridges. At 
(Fig. 3E). The hypodermis becomes multilayered at places three corners, two peripheral and one upper or dorsal corner, 
where it dips down in to the fibre zone forming two forks that the epidermal cells become sclerified (Fig. 2 E). Under SEM, 
make the sclerenchymatous patch wavy or undulated (Fig. phytomelanin shows honey comb pattern (Fig. 2L, M). The 
3F). The fibre zone consists of 6-7 layers of smaller cells cups or hexagonal regions represent the contour of the lower 
compared to the hypodermal cells. They are thick-walled and side of the hypodermis which gets molded over by 
the outermost 2-3 layers are small, polygonal and very thick phytomelanin to form a cast of it.
walled with narrow lumen whereas the inner layers are less Bidens pilosa L. —The cypselae are long and curved and 
sclerified, elongated, large and with large lumen.  Internally measures 1.3x 0.75 cm. There are three barbed awns at the 
the fibre zone is limited by 3-4 layers of tangentially elongated apex arising from a circular rim. The surface is tubercled 
parenchyma cells (Fig. 3E, F). The phytomelanin is deposited (Fig.1H). The surface is striated and appears very spiny. The 
between the hypodermis and fibrous zone as a continuous cypselae appear black, but the apical and basal regions are 
layer. The furrows of the cypsela show a very interesting conspicuously not deposited with phytomelanin forming 
feature. The epidermis dips down at the depression and whitish areas. The carpopodium is conspicuous.

The NaOH-cleared cypselae show striations and appear follows the contour of the furrow. But the hypodermis extend 

black. The spines are curved upwards and are very closely to form two horn-like arcs into the depression thereby making 
placed. The basal cells are not lined and the fibre cells are the fibrous zone appear cruciferous. This makes the phyto-
observed clearly as parallel white streaks. The spines placed melanin also to arch down to form two incurved horns into the 
over 4-5 fibre cells. In surface view the spines appear as fibre zone. The fibre zone is wavy but not discontinuous.
conical black pyramids spanning a broader base (Fig.1I, J). The scanning electron micrographs of treated cypsela 
The pores present are very small on the fibre cells at the base. reveal a similar pattern with small hexagonal pits on the 
The phytomelanin is not deposited over the fibre zone as a surface (Fig. 3H). At places the overlying hypodermal layers 
compact layer. Only the spines are conspicuous. are seen (Fig. 3G). The phytomelanin is deposited forming 

Bidens parviflora Willd. —The cypselae are blackish uniform pits with raised margins which corresponds to the 
brown, flattened and weakly 3–angled and 7x2 mm in spines. These spines are formed according to the contour of the 
dimension. The cypselae posses two barbed awns placed inner and radial walls of the hypodermal cells (Fig. 3I). The 
acutely. The margins have barbs antrorsely oriented pentagonal cavities show small circular pits or at places thin 
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areas which are seen as the large pores in the surface view. cells taking the contour turn and a single row of 4-5 fibre cells 
In these pits the tips of the papillae of the fibre cells are between them. The cells of this layer are smaller than the 
also seen. The spines are the raised walls forming these pits epidermal and hypodermal cells and thick-walled cells show 
(Fig. 3J). moderate lumen. The fibre layer extends into the peripheral 

Coreopsis grandiflora Hogg ex Sweet. — The cypselae wings like a cone. Between the hypodermis and fibre zone, 
are small and winged measuring 3x2 mm. The wings are corky phytomelanin deposits as a reddish-brown continuous layer 
and the surface is glabrous. There is no pappus or awn and the formed of hard resinous material. The phytomelanin form 
cypselae are non-striated. The dorsal side of the cypselae is spines along the contour of the hypodermal cells (Fig. 3M). The 
convex with pale coloured tubercles distributed throughout fibre cells are smaller than the hypodermal cells and the spines 
whereas the ventral side of the cypselae is concave and shows of phytomelanin are seen only between the hypodermal cells. 
tubercles in the centre. The crown of the cypsela is demarcated At places the phytomelanin appears to touch the epidermal 
by a circular ring. cells. The cells of fibre zone are thick-walled with narrow 

The NaOH-cleared cypsela appears black and with small lumen. The walls of innermost cells show the presence of dark 
circular pores arranged vertically. The pores are of even size. substance similar to phytomelanin. The fibre cells are followed 
Though at a glance the spines appear to be arranged randomly, by 3-4 layers of parenchyma cells.
they are arranged in vertical rows following a pattern- the base Dahlia merckii Lehm. — The cypselae appear dull 
of each spine spreads horizontally over three rows of pores brown and are 9x2 mm in size. The surface appears dull and 
(Fig. 3N). Vertically each spine is placed after 10-12 pores. brittle. The apex is broader than the base. The apex is 
The surface appears without striations. The phytomelanin is terminated by a crown. The basal part of the cypsela appears 
deposited as a thick layer over the surface with certain regions whitish (Fig. 4D). The pappus is represented by 3-4 thin 
left out which appear as pores. The pores indicate the points of scales.
attachment of papillae arising from the underlying fibre cells. The NaOH–cleared cypsela appears striated with 

Coreopsis major Walter — The cypselae are obovate to elongated basal rectangular cells representing the fibre cells. 
oblong and measure 4.5x 2mm in size. Fruits are brown and The phytomelanin appears deposited in vertically elongated 
non-striated. The cypselae are slightly winged. The wings as hexagons with the spines at the horizontal margin of each 
well as the margins of the cypselae are deep yellow in colour hexagon. The phytomelanin forms dumb-bell like deposition 
(Fig. 3K). The yellow deposition completely covers the upper within these hexagons which is the process prior to pore 
part of the cypselae. They are epappose with slightly formation. There are 2-3 fibre cells running parallel within 
pubescent surface. each unit. The short spines with broad base are seen arranged 

The cypsela after NaOH–clearing appears dark brown along the margins of these. The scanning electron micrographs 
with pores and spines. The pores represent the areas where  of the treated cypsela reveal the polygonal framework of the 
phytomelanin has not got deposited. The phytomelanin layer phytomelanin and the arrangement of spines.
is deposited in hexagonal pattern with only the boundaries The cross section of mature cypsela appears ovoid-
coated (Fig. 3L). The boundaries are bordered by spines at quadrangular. Beneath all the four corners there are air 
four sides. Each hexagonal limit indicates the hypodermal cell pockets-the peripheral ones are smaller than the median ones. 
and the spines form at their radial walls. Each spine is placed The epidermis is single layered with twin hairs. The 
above 2-3 thin fibre cells lying below with its broad base hypodermis is formed of single layer of columnar cells (Fig. 
perpendicular to the fibre cells. The phytomelanin is not 4E). The fibre zone is composed of discrete bundles of fibre 
deposited on the basal region and therefore the underlying cells. The bundles are like arcs and the hypodermal cells 
fibre cells can be seen as thin longitudinal cells. The pattern interrupt the continuity of fibre cells by dipping down. The 
resembles with that of B. connata. size of these bundles varies. Larger bundles are towards the 

The cross section of cypsela appears slightly quadrangular corners. The fibre cells are thick-walled with smaller cells 
in outline forming two peripheral extensions forming ridges on towards outer side whereas slightly larger cells are present 
the median part. The pericarp has a single layer of epidermis towards the inner side. Outer cells have smaller lumen and are 
formed of large rectangular cells placed horizontally. A thick thick-walled and inner cells have larger lumen. The fibre 
cuticle is evident. Beneath the epidermal layer there is the bundles exist as crown like caps beneath the hypodermis. The 
hypodermal layer formed of a single layer of vertically oriented cells are small and the phytomelanin forms a discontinuous 
large rectangular cells. Hypodermal cells are larger than layer. Each bundle corresponds to the striation on the surface. 
epidermal cells. This layer is followed by the fibre zone The fibre zone at the top of each bundle almost reaches the 
represented by two layers of sclerenchymatous polygonal cells. epidermis and the epidermis at this region gets sclerified. 
The hypodermal cells do not extend deep into the wings. The There is a highly compressed parenchymatous zone towards 
extreme tip of the peripheral wing is made up of the epidermal the inner side.
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Fig. 1. A-G Bidens biternata. A. Mature cypsela; B. Surface showing grooves and striations; C. Soaked cypsela showing clear striations; D. 
NaOH- cleared cypselar surface showing spines; E. Pores and  spines; F. SEM image of NaOH-cleared cypselar surface; G. SEM image of NaOH-

cleared  cypsela  showing  phytomelanin  layer  forming  spines;  H-J  B.  pilosa.  H.  Mature cypsela;  I&J NaOH-cleared cypsela showing spines;  

K-M  B. parviflora.  K. Mature cypsela (in part); L&M. NaOH-cleared cypsela showing spines.
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Fig. 2. Bidens connata. A. Mature cypsela; B-D NaOH- treated cypselar surface. B. Pores and spines; C. Pores; D. Spines of phytomelanin; E-K 
C.s. mature cypsela. E. Section mid region; F. Median ridge with phytomelanin in epidermal fibre and the inner fibre zone; G. Continuous  

phytomelanin  layer;  H.  Phytomelanin  in  the  walls  of  lignified  cells;  I.  Fibre  layer extending up to epidermis; J. Hypodermis 2-layered at 

constriction of wings; K. Lignified cell of epidermis in the lateral ends; L-M SEM images of NaOH-treated cypsela. L. Pericarp layers partly removed  
with  phytomelanin  lying  beneath;  M.  Enlarged  image  showing  phytomelanin  spines (300x).
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Fig. 3. A-J  Cosmos  sulphureus.  A.  Mature  cypsela;  B.  NaOH-cleared  cypsela showing  phytomelanin  deposition  pattern;  C.  Spines  and  
pores;  D-F  C.s.  mature  cypsela.  D. Cypsela  outline;  E.  Pericarp  layers  and  continuous  phytomelanin  layer;  F.  Phytomelanin  layer dipping 

at the ridges; G-J SEM images of NaOH treated cypsela. G. Phytomelanin layer below the ruptured  hypodermal  layer;  H. Phytomelanin  layer  
showing  the  contour of  hypodermal  cells;  I. Spines  and  pores;  J.  Phytomelanin  cast  forming  the  outline  of  hypodermal  cell  and  the  
spines formed  due  to  deposition  between  radial  walls  of  hypodermal  cells;  K-M  Coreopsis  major.  K. Cypsela;  L.  NaOH-cleared  cypsela  

showing  spines  and  pores;  M.  C.s.  cypsela  showing phytomelanin spines between hypodermal cells; N.  C. grandiflora  NaOH-cleared cypsela 
surface showing phytomelanin pattern.
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Fig. 4. A-C  Dahlia  pinnata.  A.  Mature  cypsela;  B.  NaOH-cleared  cypsela showing striations of phytomelanin layer; C. Spines; D-E  D. merckii. 

D. Mature cypsela; E. c.s. cypsela;  F-H  Moonia  arnottiana.  F.  Mature  cypsela;  G.  NaOH-treated  cypsela  showing phytomelanin  layer  with  
spines  and  pores;  H.  SEM  image  showing  phytomelanin  layer  and underlying fibre zone (1500x); I-M Glossocardia bosvallia. I. Surface 

showing dense hairs; J. C.S. cypsela; K. NaOH-cleared cypsela showing spines; L. SEM image showing phytomelanin spines (1000x);  M.  SEM  
image  (300x);  N-O  Chrysanthellum  indicum.  N.  Mature  cypsela;  O.  NaOH-cleared cypsela showing pores and spines.
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Dahlia pinnata Cav. — The cypsela appears brownish two strong recurved structures. The margins and the surface 
with white patches. They are flat and clavate with broad apex of the cypselae have dense ciliate hairs directed upwards 
that narrows down. Pappus is absent. The dorsal side has a (Fig. 4I).

The NaOH-cleared cypsela does not show any striations. ridge or is convex and the ventral side is concave. The cypsela 
The surface appears dark brown with pore and spines arranged measures 11x 4 mm (Fig. 4A). The NaOH-treated cypselae are 
vertically. The pores are small. The surface is covered with striated with pores and spines (Fig. 4B). The spines are 
thick phytomelanin and pores are well defined. The spines prominent and closely spaced. The spines are longer, broad at 
with broad surface emerge in vertical rows with a pore base, narrow and with acute tips (Fig. 4C). The phytomelanin 
between each. The spines have their broad base perpendicular forms hexagonal pattern with oblong dumb-bell like 
to the axis of the cypsela. This orientation of spines in a single deposition on the basal cells with the spines rising from the 
row very closely gives the cypselae a ribbed appearance (Fig. margins. The pattern is similar to D. merckii.

Moonia arnottiana Wight. — The cypselae are blackish 4K).
The cross section appears elliptical with three dorsal brown, obovoid, terete and glabrous. They measure 4x 2.5mm 

ridges and single ridge in the ventral side (Fig. 4J). The with a crown or collar like margin at the apex (Fig. 4F). The 
epidermis is single layered with small cells which are highly NaOH-cleared cypsela appears dark brown without striations. 
compressed vertically. The epidermal extensions are clear in The phytomelanin form a thick layer on the surface forming 
the regions of the ridges and twin hairs can be . The epidermis spines and pores. The spines are short and stout with pores 
is followed by a layer of hypodermis formed of larger interspersed between them. The layer appears light brown in 
rectangular cells with convex inner tangential walls making colour and thick but the surface are highly fragmented 
them look like U-shaped cells. Following the hypodermal probably due to obsoleteness of the cypselae. Pores are well 
cells, the phytomelanin is  a continuous layer in the defined and arranged vertically (Fig. 4G).

The scanning electron micrographs of NaOH-cleared schizogenous space created between the hypodermis and 
cypselae reveal the phytomelanin layer over the underlying underlying fibre zone. The fibrous layer is continuous and 
fibre zone. The papillae of the fibre zone appear with broad formed of 2-3 layers of cells. They have thick walls and 
and blunt tips which account for the large conspicuous pores narrow lumen. The fibre cells are smaller than hypodermis. 
on the surface of the phytomelanin layer (Fig. 4H). The layer Between the fibre zone and the hypodermis, the phytomelanin 
of phytomelanin shows depressions which represent the forms a continuous layer with small spines arising along the 
outline of hypodermal cells. From the margins of these margins of the radial walls of the hypodermal layer. It is 
depressions spiny outgrowths were observed representing the followed by two layers of parenchyma formed of highly 
spines which develop along the margins of the radial walls of obliterated cells beneath the fibre zone. There are thick purple 
hypodermal cells. coloured cells below the bluish fibre cells which show some 

dark substance similar to phytomelanin. There are two air 
Subtribe Chrysanthellinae

pockets in the peripheral extensions as a continuation of the 
Chrysanthellum indicum DC. — The cypselae are parenchyma cells. The scanning electron micrographs of the 

oblong, brownish and 3-angled with a wing like extended treated cypselae also reveal the very closely packed spines 
margin. There is a median ridge. They measure 3x 1mm and placed in vertical rows (Fig. 4L).
are non-striated. There are no awns or pappus and the surface 

DISCUSSION
is glabrous. The surface and margins are covered by yellow 
deposition (Fig. 4N). Robinson (1981) was of the opinion that the members of 

The NaOH-cleared cypsela appears brown and non- subtribe Coreopsidinae of his Heliantheae have a cypsela with 
striated. The phytomelanin is deposited in elongated no striations in their cell wall and with a different pattern of 
rectangular to hexagonal pattern which represents the basal ‘knob like thickenings’, referring to the spines on the surface. 
outline of the hypodermal cells which have been washed off. Tadesse and Crawford (2013) differentiated the members of 
The spines are arranged in vertical rows where each spine is Bidens and Coreopsis by the presence and absence of 
placed over 2-3 fibre cells at the base. The basal regions striations in the pericarp wall based on anatomical studies. The 
represent the hypodermal tangential walls and there is little Chrysanthellinae forms a monophyletic group whereas the 
deposition over here, resulting in transparent areas. The spines subtribe Coreopsidinae still has many paraphyletic taxa 
are arranged at the margins. The spines tend to form patterns (Crawford et al. 2009).
horizontally due to coalescence of the bases of adjacently In the subtribe Coreopsidinae, Bidens connata and B. 
placed ones (Fig. 4O). tripartita are non-striated and B. biternata and B. pilosa are 

Glossocardia bosvallia (L.f.) DC. — The cypselae are striated. The non-striated cypselae of Bidens observed in the 
linear-lanceolate and black. The awns are represented by present study were flat, whereas the striated ones were terete 
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or sub-terete. The cypselae of Coreopsis species are non- Coreopsideae within Asteraceae is the tribe with high 
striated whereas the cypselae in Dahlia spp. are striated. Both concentration of the flavanoid compounds- anthochlors 
the members of Chrysanthellinae included in the present (Crawford and Stuessy 1981, Crawford et al. 2009). This fact 
study, i.e., Glossocardia and Chrysanthellum are non-striated. is well evident on the surface of the cypselae where thick 
Pandey and Jha (1993) studied the anatomy of the cypselae of coloured depositions are present. When the cypselae are 
the subtribe Coreopsidinae and recorded the variation in the treated with NaOH, the depositions get washed away in the 
phytomelanin and fibre cells which has been confirmed in this filtrate which forms bright yellow, orange and red colour. 
study. Most of the species studied have  pappus represented as awns 

There is overall similarity in the pattern of deposition of or scales. Some of the members studied which lack awns show 
phytomelanin within the tribe Coreopsideae. The deposition is the presence of wings (Coreopsis, Chrysanthellum). The study 
not dense and the pores are literally those areas where the corroborates the reports of presence of phytomelanin in 
phytomelanin has not deposited. The spines are seen arranged Coreopsideae by earlier authors (Pandey and Singh 1982, 
at the margins in random fashion as observed from the surface. Pandey et al. 1986, 1994, Tadesse et al. 1995, Tadesse  and 
The honey-comb pattern of cypselae is conspicuous in Bidens Crawford 2013, Pandey et al. 2014).
connata, Coreopsis major and Cosmos species. The hexagons Acknowledgement—Thanks are due to the Principal, 
are elongated in the former two whereas they are compact and Deshbandhu College for the grant of sabbatical leave to  
small in the latter. The earlier studies on anatomy of Cosmos RRM.
spp. also recorded the same observation for Cosmos 
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