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Abstract

The molecular mechanism of gene expression for pollen specificity is not yet fully known. However, it is an
exciting area with great potential and has a wide scope of application in the field of molecular biology, breeding
systems, biotechnology etc. The main aim of this write-up is to review some of the interesting achievements made
through studies like gene expression in allergic pollen and the research which will make a way towards practical
application of pollen molecular biology in identifying and isolating the genes responsible for all allergic disorders
reported among various individuals.

Introduction

Pollen grain represents the male portion of the gamet-
ophytic stage in the angiospermic life cycle and is
only a 3-celled organ after it completes the process
like microsporogenesis and microgametogensis. The
pollen grain is certainly a reduced system in the
morphological sense, but it contains all the genetic
information which are essential for the formation of
complete plants.

In recent years voluminous research literature has
been published on genetic programme operations in
the male gametophytes in comparison to saprophytes
and a number of national and international labora-
tories have started providing information on the genes
expressed in the pollen development of a number of
plant species.

Pollen development

In angiosperms, microgametophytes display a
complex programme during its development; for
example, in maize where sporogenous cells in the
anther begin to differentiate within the nutritive
tissue, the tapetum. So, tapetal tissues are important
in normal pollen development and any abnormal
development of tapetum leads to the male sterility

(Laughnan and Gabay-Laughnan, 1983; Lonsdale,
1987). These findings are supported by experimental
disruption of another function by expression or
inhibition specific gene under the control of tapetum
specific promoters which can result in a male sterility
among plants (Mariani et al., 1990; Vander Meer et
al., 1992; Worrall et al., 1992).

Pollen expressed and pollen specific genes

The activity of genes expressed in the pollen, the
number of the genes active in the pollen species
have been directly estimated, e.g. in maize pollen
24000 mRNA’s in comparison to different mRNA’s
present in shoot tissue is 31000 (Willing et al.,
1988). The number of genes expressed in pollen
are cellular “House Keeping genes”, which are
expressed in the sporophytes. The percentage of genes
expressed specifically in pollen can also be evalu-
ated by screening of pollen specific clones in a pollen
cDNA library.

Timing of pollen gene and expression

The pollen genes complex programmes studied so
far have revealed that the expression patterns have
been broadly classified into two main classes of genes



332

Table 1. Pollen specific genes in some allergenic plant species.

Plant species Genes Putative function (homology to) Studied by

Zea mays(maize) Zm 58 Pectate lyase (lat 56, lat 59, G10, Amb a I.II Turcich et al. (1993)
Zea mays(maize) Zea m I Allergen (Lol pI) Boardwater et al. (1993)
Zea mays(maize) Zm 13 – Ole e I, lat 52, PSI Stinson et al. (1987); Hanson et al. (1989).
Zea mays(maize) PGIw2247 (and others) Polygalacturonase Niogret et al. (1991); Allen an Lonsdale

(1993); Barakate et al. (1993)
Zea mays(maize) Zm Pro 1,2,3 Profilin Staiger et.al. (1993).
Ambrosia artemisiifolia(ragweed) Amb a II-4, Amb a II Allergens, pectate lyases (Zm 58, lat 56, Rogers et al. (1991); Rafnar et al. (1991).

lat 59, G10)
Lolium perenne(ryegrass) Lol p II, Lol p Ib Allergens (Zea m I) Singh et al. (1991).
Poa pratensis(kentucky bluegrass) KGB family, Poa p ix Allergens Silvanovich et al. (1991).
Olea Sp.(olives) Ole e I Allergen (Zm 13), Ole e I, lat 52 PSI Villalba et al. (1994)
Oryza Stavia(rice) PSI – Ole e I, Zm13 lat 52 Zou et al. (1994)
Arabidopsis TUAI ∝-tubulin Carpenter et al. (1992)

expressed (early and late) during pollen development
(Mascarenhas, 1990) with a transition period occur-
ring roughly at microspore mitosis. It is presumed
that the early class of genes expression is associated
with immature microspore formation and the late class
of gene expression with pollen maturation, germina-
tion and pollen tube growth. Besides, the late class
of genes expression has been identified with several
pollen specific clones which sequences are similar to
enzymes associated with cell wall metabolism as well
as many cytoskeleton genes, the product of which are
clearly necessary for pollen tube growth. Recently,
several pollen specific genes have been isolated and
their promoters are studied in detail which will help
in identifying the common element present in allergic
pollen (Table 1).

Also, a large group of pollen expressed proteins
characterized to date are cytoskelton related proteins
like actin (Thangavelu et al., 1993),α-tubulin
(Carpenter et al., 1992),β-tublin (Rogers et al., 1993)
and profilin (Valenta et al., 1991b; Staiger et al., 1993).

Pollen allergens

Presently it has become clear that several of the highly
expressed proteins in pollen are human allergen.
Sequence homology research indicates that there is
a substantial homology between the pectate lyase
proteins and proteins identified from the pollen of
short ragweed,Ambrosia artemisiifolia(McCormick,
1991; Rogers et al., 1991). Of the seasonal aller-
gens which may cause hay fever, asthma, and hives,
pollen from the short ragweed has been implicated

as being among the most clinically important (King,
1976; Rafnar et al., 1991). Many prominent aller-
genic proteins from this pollen have been immuno-
chemically characterized, revealing that the Amb a I
(formerly Allergen E) protein can account for at least
90 per cent of the allergenicity of ragweed pollen
(Rafnar et al., 1991). This protein is one of a multi-
gene family of very similar proteins, including Amb
a I.1, I.2, I.3, I.4, and II. The Amb a II protein is
interesting because it shows only approximately 65%
homology with members of the Amb a I family, yet
it demonstrates similar allergenic potential (Rogers et
al., 1991). All the pollen-specific pectate lyase genes
compared have homologies to Amb a I on the order of
46 to 48% amino acid identity and may share similar
epitopes. There is also homology between these genes
and the partial protein sequence of the major allergen
of Japanese cedar pollen. Cry j I (Taniai et al., 1988;
McCormick, 1991).

Similarly, many pollen-expressed proteins respon-
sible for IgE binding in allergic patients have been
shown to profilins. The first protein recognized as such
was identified as one of the major allergens from birch
pollen (Valenta et al., 1991b). It has since been shown
that pollen profilins represent a common class of
immuno-reactive agents and have been found in pollen
of several species, including timothy grass,Phleum
pratense(Valenta et al., 1994). Another allergen that
has been shown to exhibit high levels of expression
in birch pollen is Bet v I (Breiteneder et al., 1989).
Proteins homologous to Bet v I have been shown to
be allergens in pollen from many trees in the order
Fagales, for example, birch, alder, hazel, and horn-
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beam (Valenta et al., 1991a; Ebner et al., 1993). No
known plant function has yet been assigned to Bet v I,
but it does appear to have homology to plant disease
resistance response genes (Breiteneder et al., 1989).
There are several other pollen expressed proteins that
have been identified as human allergens, but which
function in pollen is yet unknown.

Several of the allergenic proteins present in pollen
appear to have important functions in pollen tube
growth. Attempts to engineer plants with lowered
levels of these allergens might thus be problematic
from an environmental point of view because male
sterility might result.

Conclusions

Characterization of genes and promoters particularly
involved in key regulatory processes in allergic pollen
will provide insights into the nature of haploid gene
expression in relation to that of the diploid plants. All
such relevant findings will make a way towards prac-
tical application of pollen molecular biology in the
areas like plant breeding, biotechnology and allergy.
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