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Ontogenesis of Vascular Tissue in Haustoria of Santalum album L.
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Abstract: In order to understand the development of vascular tissue in Santalum album haustoria, the ontogenesis
of vascular tissue in haustoria was observed under laser scanning confocal microscope, light microscopy and
transmission electron microscopy. The results showed that the differentiation of haustorium vascular tissue in S.
album could be divided into two stages: before and after invasion. The differentiation of vascular tissues of
haustorium begin at disk-shaped stage, originating from meristematic cells at thebase of haustorium, and then,
they divided into two bunches. Before invasion, the vascular tissues of haustorium are located at the base of
haustorium without apical differentiation. After invasion, the vascular tissue started to differentiate and connect
into the host roots with absorption function. The vascular bundles of mature haustorium was inverted flask-shaped,
and exist on two sides of kernel region. The vascular tissues contained only xylem without phloem. It was
proposed that the development of haustorium vascular tissue of S. album was induced by two factors, genetic
factor and host root factor. Therefore, these would provide a anatomic basis for studying on semiparasite in
Santalum album.
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Fig. 1 Origin of vascular tissue of young haustorium of Santalum album. A: Transverse section (semithin section) of the lateral root, showing epidermis (EP),
cortex (CT), endodermis (END), pericyle (PC), phloem (P), and xylem (X); B: Longitudinal section of young haustorium under laser scan confocal microscope,
showing parent root (PR) and haustorium (H), dense cytoplasm of epidermal cells (blank arrow), proliferative cortical cells (white arrows), and no vascular
tissue differentiation; C: Vascular tissue of young haustoria (semithin section) was about to differentiate (arrow), showing parent root (PR), central parenchyma
core (CPC), and endodermis (E); D: Enlargement of figure C, showing vascular tissue began to differentiation (semithin section)(arrow); E: Semithin section,
vascular tissue began to branch differentiation (arrows), showing parent root (PR); F: Enlargement of figure E, showing the xylem element (arrow)(semithin

section). Bars: A, B, F=0.05 mm; C, E=0.2 mm; D=0.1 mm
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Fig. 2 Vascular tissue invade into host root. A: Young haustorium contact host root (paraffin section), showing core meristematic region (CMR), cortical layers

(CTL), host root (HR) and inside gland structure (G), and vascular tissue at base of haustorium (white arrows); B: Longitudinal section (semithin section) of

host root and haustorium, showing vascular tissue (VT), digitate cells (DC) and host root (HR); C: Semithin section, showing scalariform vessel elements

(arrow); D: Semithin section, showing tracheid (arrows) joint vascular tissues of host (HV) and haustorium. Bars: A=0.2 mm; B, D=0.1 mm; C=0.05 mm
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Fig. 3 Structure of mature haustorium of Santalum album. A: Paraffin section, showing cortical layer (CTL), collapsed layer (CL), central parenchymatous core
(CPC), host vascular tissue (HV), inverted flask-shaped vascular tissue (arrows) and the sucker (S); B: Pit pair (blank arrow) and perforation (white arrow)
between vessel elements (VE) under TEM; C: Inverted flask-shaped haustorium (semithin section), showing cortical layers (CTL), collapsed layers (CL), xylem
elements (arrows); D: Mature vessel element (VE) under TEM, showing VE, pit pair (white arrow) and meristematic cell (MC) near vessel element. Bars: A,

C=50 pm; B=2 pm; D=5 um
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