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Plant Organogenesis and 
Morphogenesis
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The life cycle of Acetabularia mediterranea. 
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Lineage pattern for quard cell 
formation in Arabidopsis

Current Opinion in Plant Biology 2004, 7:26-32.

Development of stomata in Arabidopsis
epidermis

Meristemoids
yellow

GMCs pink

quard cells blue Many Satellite Meristemoids Are Produced During Leaf Development. Cryo-
scanning electron micrograph of the abaxial epidermis of a cotyledon. The 
red arrows indicate satellite meristemoids. Some of the satellites have 
divided asymmetrically. The yellow asterisks mark small neighbor cells; such 
cells usually remain division competent (compare with Figure 10). Adapted 
from Geisler et al. (2000). Bar = 30 µm.
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2. Collenchyma cells

• unevenly thickened primary walls
• provide support to cells that are still growing
(petioles, non-woody stems, growing organs)

� )���.� #"�وم(/ ــ�ـ�ـ� ـ9*����� )0� (
��, ���d ۀ��ر�( در  ���$D  /� �د�� #� �$
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sclerenchyma Pea seed coat

fibers

)���ا ��/(9*��� ���( 	�را ��/ ���و.��( 
در ��ش B )&�Q�ا � ه�� ا ��d�� )��C 2&�د2

Leaf Structures
1. Cuticle :  waxy layer; 

covers upper surface
– Protects leaf against 

water loss
2. Veins: transports water, 

nutrients and food
– Made of xylem and 

phloem
3. Mesophyll : contains cells 

that perform 
photosynthesis 
b/c they contain 
Chloroplasts .

2 Guard
Cells

Surround 
each 
Stoma

M
es

op
hy

ll

(Opening)

Leaf Cross-Section

Veins

Cuticle

Stoma

Stoma- singular

Stomata-plural

��د�ــ( �k�I0 هـ9*�����
�&�& ���&( و 2و !ه�� '��l ـه��)

� رأ	6 در .�ش [��6 ��ا�� در•���� ��ز

• �4 ����� .�1/ ه�د) �� (	��ل ه�) [��" �4 و .�ر
:��3-ۀ 4���-) �� ��و����3�م_  ه�) ه�د) .�1/

•6.�c (و�-ه� 

•  6�P.  (و�-ه� 

Xylem: movement is upwards from
the root to the mature leaves, the
primary sites of transpiration and
photosynthesis

Phloem: movement is from site of
assimilate production, primary mature
leaves to sites of utilization in ex-
panding tissues and reproductive
or storage sinks
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Vascular bundle of corn 
stem

Phloem 

Xylem

 �� )��� ���*9
��&( ۀ&�&�l

Evolution of the Conducting Cells of Vascular Systems

Phloem

• Principal food-conducting (sugar) tissue
• Other transport functions

– Amino acids
– Lipids
– Micronutrients
– Hormones
– Floral stimulus
– Proteins
– RNAs
– Plant viruses
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Sugar conducting cells (sieve tubes) have 
specialized end walls (sieve plates)

Phloem: sieve tube conducts sugars – made up of    
single cells end to end

Sieve-tube element 
differentiation

P-Protein

Researchers findings indicated that in functional 
and non-functional sieve elements p-proteins 
undergo conformational changes, and fibrillar 
structuresare transformed into fern-like 
structures. 

These findings support the view that p-protein 
structures are sensitive to metabolic conditions 
and have functional significance. 

It  can also be assumed that tubular or channel-like 
structures in active sieve elements might well 
have roles in the translocation of substances.

Gonu.l ALGAN, H. Nurhan BAKAR BUYUKKARTAL
Department of Biology, Faculty of Science, Ankara University, 06100 TandoÛan, Ankara - TURKEY

P-Protein

In vascular plants, long-distance transport of 
photoassimilates is accomplished by the sieve 
tubes in the phloem. 

Dicotyledonous plants have evolved a highly 
specialized wound sealing mechanism that 
prevents the loss of sugars upon injury. 

This mechanism based on P-proteins (phloem 
proteins), which block the flow of assimilates 
by plugging sieve plates. 

Xylem
• Principal water-conducting tissue 

(tracheids and vessels), but also has other 
functions

• Transports minerals
• Provides support (xylem fiber)
• Food storage (xylem parenchyma)

)�9*��� ���( �� 2و ! '�
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Cells of the xylem

• Highly lignified secondary cell walls
• Fibers are support cells
• Tracheary elements are principal conducting 

cells
– Two types

• Tracheids
• Vessel elements

– Dead at maturity (empty cell walls)

Vessels are lignified pipes
made up of cells end to end

Xylem
• Highly lignified
• Areas w/no lignified 

secondary cell walls = pits
• Fibers = support cells

Tracheary element secondary 
cell walls

Tracheids

• Elongated cells that form continuous  tubes
• Dead at maturity (empty cell wall)
• Porous pit (lack secondary cell wall, thin primary 

wall)
– Allow for water to flow through

• Found in all vascular plants

Tracheids
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Tracheids

Tracheid pit

Vessel elements

• Elongated cells that form continuous tubes
• Dead at maturity (empty cell walls)
• Contain perforations (lack both primary and 

secondary wall)
– Water can flow through

• Perforations concentrated at end walls 
(perforation plate)

• Found only in angiosperms (flowering plants)

Vessel Perforation Plates in vessel elements

No obstruction to water flow!
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Differentiation of a vessel element

Programmed cell death


