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Figure 1. Longitudinal sec-
tion of an onion plant.
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Figure 2.

Box 1.

1.  Test for starch: Material + dil.aqueous Lugol’s iodine ®  blue or blackish colouration indicates the

presence of starch.

2.  Test for glucose: Material + Benedict’s solution, warmed over a gentle flame ® orange colour indicates

the presence of glucose.

The above-mentioned tests are routine biochemical tests.

a)  Scale leaves are directly used as test material.

b)  For green foliage leaves, pre-treatment of the leaf material is necessary as follows:

Boil the green leaves for 10-15 minutes in water in a small beaker on a hot plate.  This preliminary step softens

the leaves by breaking down the cell wall.  Transfer these softened leaves to a beaker and  and immerse in ethyl

or methyl alcohol.  Again warm.  This is done to blanch the leaves.  Chlorophyll is soluble in alcohol and is

extracted from the leaves in about 5 minutes.  Thick leaves might take longer.  Wash the blanched leaves in

water.  Spread them in watch glass or slide and then test for starch or glucose as mentioned above.

Both green and scale leaves of onion test positive for glucose.

a. T S of green leaf

b. T S of scale-leaf
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Box  2. Descriptions of Onion Bulb in Different Books

Bulb is defined as...

1)  Oxford Dictionary of Biology; 1999: “...modified shoot with a short flattened stem”.

2)  Dictionary of biology by M S Sood; 1998: “...specialised underground bud with thick, fleshy leaves”.

3)  Biological Science by N P O Green, G W Stout and D J Taylor; 2000: “...is a modified shoot”.

4)  Biology: Part I; Std.  XII textbook of NCERT; 1997: “A bulb is characterised by the presence of a highly

    condensed and discoidal stem and large number of fleshy scale leaves”.

5)  Botany for Degree Students by A C Dutta; 1996: “...is an underground modified shoot (rather a single, often

     large, terminal bud) consisting of a shortened convex or slightly conical stem, a terminal bud and numerous

    scale leaves”.

6)  Oxford Secondary Science: Life Sciences by Francis Fanthome; 1984: “....  is a modified underground

     shoot”

7)  Biology by N A Campbell, J B Reece, L G Mitchell; 1999: “Bulbs are vertical, underground shoots

      consisting mostly of the swollen bases of leaves that store food.”

Box 3. Phylogenetic Trees

The evolutionary relationships among a group of taxa are conveniently illustrated by means of a phylogenetic

tree, also called a dendrogram.  The branching pattern of the tree is refered to as its topology.  In a rooted tree

the tree is connected to a root from which a unique evolutionary path leads to all other nodes.  An unrooted tree

does not have such a root and it only specifies the relationship between all the units in it.  Thus an unrooted tree

cannot really be considered a phylogenetic tree as it lacks the arrow of time.  There are many methods of

constructing trees, and some researchers claim that trees made on the basis of DNA sequence data may better

reflect ancestor-descendent relationships among taxa than those based on morphological traits.  In the

literature you will find two vehemently opposed camps – that of the ‘cladists’ and ‘pheneticists’.  Cladists

construct cladograms which are only concerned about the number of branches, which branch connects to

which branch, and the branching order.  Pheneticists construct phenograms which are concerned with the

degree of similarity between organisms.  Cladograms and phenograms will be identical only when there is a

linear relationship between evolutionary time and the degree of dissimilarity between taxa.  The maximum

parsimony method is an example of the method used to construct cladograms and UPGMA (unweighted pair-

group method with arithmetic mean) is similarly an example of the method used to construct phenograms.

Cladograms can also be constructed using maximum likelihood methods.
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Figure 3. Probable cla-
dogram of plant kingdom.
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Figure 4. Probable branch-
ing patterns of angio-
sperms.
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Figure 5. Consensus tree
from analysis of PHYA and
PHYB sequences.
Note the positions of Am-
borella, early monocots
and eudicots.
(after S Mathews and M Dono-

ghue,  1999. Statistical values

at different levels of the tree

have been omitted.)
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Box  4. How to Make a Cladogram?

A large number of phylogenetic trees of angiosperms, based on morphological characters, especially the

structure of the flower, have been put forward at varied times by different workers,  such as Adolf Engler, A

P de Candolle, G Bentham and J D Hooker, C E Bessey, J Hutchinson, A L Takhtanjan and A Cronquist.  Soon

the weaknesses of these trees became apparent with overlaps and gaps in characters across branches.  In 1950,

Willi Hennig, an entomologist, came up with the cladistic method of classification of different organisms

based on their evolutionary history.  Cladistics is based on determining the branching points in a phylogenetic

tree and delineates groups of individuals/organisms on the basis of characters with common origins.  The

resulting phylogenetic tree is called a cladogram, with branches known as clades, emerging from branch-points

called nodes.  This method acquired importance in 1980s with extensive use of computers and statistical tools.

Method of Constructing a Cladogram:

a) Choose taxa or groups of organisms, which interest you.  They should have a monophyletic origin (origin

in a single ancestral species), with taxa lying on different clades.

(For example, consider  maize, Pinus, fern and Riccia.)

(b) Zero down on some striking heritable characters.  Check if these characters are present or absent in the

chosen taxa.  Take care to see that all taxa are unique.

In this example, the heritable characters are:

1.  Multicellular embryos in maize, Pinus, fern and Riccia.

2.  Seeds in maize and Pinus.

3.  Conducting tissue in maize, Pinus and fern.

4.  Double fertilization in maize.

5.  True root system in maize, Pinus and fern.

6.  Secondary growth in maize and Pinus.

(c) Next, the nature of characters, original or derived, technically called polarity of characters, is determined.

The absence or presence of these characters in the outgroup branch  (terminal taxon(s) used to root the

cladogram) helps in determining the polarity of characters.

Consider Charophyte as an outgroup taxa (O) showing the presence of chlorophyll.  This character is also

present in the taxa, maize, Pinus, fern and Riccia.  Next; polarity analysis is done as in Table 1.

(d) Taxa are grouped according to their shared, derived characters, i.e., synapomorphic characters.  Care has

to be taken NOT to include primitive or ancestral characters in these taxa.

Box 4. continued...



���������

�	 �
������
 � ������������

Table 1.

Taxa

Characters Charophyte Maize Pinus Fern Riccia

O A B C D

1.  Multicellular embryos - + + + +

2.  Seeds - + + - -

3.  Conducting tissue - + + + -

4.  Double fertilization - + - - -

5.  True root system - + + + -

6.  Secondary growth - + + - -

(Note: the presence of chlorophyll, an ancestral character in the

outgroup taxa (O), is not included in polarity analysis.)

(e) Arrive at a consensus tree with minimum number of evolutionary

changes.

This can be done by using the principle of parsimony, which uses

minimum number of prominent, heritable characters.  It gives the

phylogenetic tree with least number of branchings that is consistent

with the observed data.  Try making some cladograms and play

around with characters.  But keep the following in mind: a supposed

synapomorphic character can also be the result of independent

evolutionary development.

With the advent of molecular biology combined with computers,

cladograms have assumed popularity and strength and are routinely

used by molecular systematists.  Different gene sequences are used

for making networks/cladograms of plants and different organisms.

Useful comparisons can be made using nuclear, plastid and

mitochondrial genomes.  The monumental work of Rolf Dahlgren of

the Botanical Museum, University of Copenhagen, during the 1970’s

and 1980’s, titled, The families of monocotyledons has served as a launching pad for molecular work in

monocotyledons.  Preliminary work in the area of molecular systematics has revealed that more precise and

congruent trees are obtained with more genes and larger number of taxa.  In this, sophisticated computer

programs are used to carry out heuristic parsimony analysis.  For hypothesis testing of the constructed

phylogenetic networks, advanced statistical packages are used.

This can also be represented as:

A
B
C
D

O

The data in Table 1

yield the following tree:



���������

���
������
 � ������������


	����������
���%����������
���
������	����
	�������
����L���
#

	��� ��
� 
�
� ����� ��
�����	���� � ,�� �����
��� 
���� ���� ����� ��

���
��� ��� ��
� ��� �
�� �����	���#� M��� ���
������ .�
	���� ���

&����	���	��������
������
	��������
�������	�����
�
	��
��

���
	����
���%����(�)'�����(�)#*

�	����������
��:�!������	���

����������'��	
�
:�	������������������
	������������	��&���

���
	�� 6#�� �	��	� 	��� ������ ����� 
�� ������
�� � �&��
����

+	��������	�������',
������#���0��
��������	����	������������
	�

����
���� ��� ��������
�������
��� ����������/�������� ���
������


	���������
������
	��������
5��
��������
	���	���
���
	������


	��	������������������������$�������
	����
����������
�������
���

���� ���������� ������ 
	�
�	���� ��������� EF�'��	
�� ��� �� ���
��

�����	�
	�
�	��������������
��
	�����
����
	��������
����M��
	���

,���
����������
	�����
������	����������
�����
���
���������������

���
������� ���� ����� ��������@� $�
������������� &������������

$�����������/���������,���������������������������-
���
��	���

��� ���
	�� A#�� � �	���� ������
� ������� ���� 
	���� ����
�������


	���	�������
�����
����������%�
�������
����NI8?#����
�������

�������� ����������� �������� �M��
	������������� 
	������%�� ����

�����
��
��	�������������
������
	����������������������������
�

������
����������
����,���������
��
	����������
�������������

����� �� ������ ��� ����
�� ��
	� ���������
�� ������� ��� ����� ��

.������������ � >�����
�� ��
	� 
������
���
�� ������� ���� ����� 
�

������� ����� 
	��� ���������
�� ������� � ,����� ����
��

(����������������$��
���������������
�������
	����������������
�

���� ��
� .���������� ��� ����������� 
���� �����
�
� ������ ��

����	��������� ��
�� ����
	�
 A#�� � 2�
	� 
	��� ���%������� �����5

��
����������
��
������	���������������������������J����
�
���
��

�	���������� ���	� ��� ������
� ��������
� ���� �
��������

�����
�
�� ���������������� 
	�������������	��������
	����������

��
������������
������������������
�������������������������


	��������
��
�
��%�����������������
������������
	��B�����$���


$	
�����
�(������	���������
����B������	����������
����

�	����������
������
�������5������������������
�����������
�����

�������������
���
���������������
�
	�����
�
	�������
������������


�	
������
��� 
����� � �	��� 
���� ������ ������ ��
� 
	�� ��
��
� ��



���������

�
 �
������
 � ������������

Figure 6. Consensus tree from analysis of rbcL, aptB and 18SrDNA sequence as proposed by
the Soltises and Chase.
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