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Fig. 3. Microstructural characteristics of simple and compound leaf. TS or VS of leaf and petiole. A: Vascular bundle in compound leaf;
B: Phloem in simple leaf; C: Phloem in compound leaf; D: Vascular bundle in simple leaf; E: Petiole in compound leaf (cross section); F:

Petiole in simple leaf (cross section)
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Fig 4. SRAP analysis of mutant and wild-type radish. 1.3.5.7.9.11.13.17.19.21.23: Mutant; 2.4.6.8.10.12.14.16.18.20.22.24:
Wild-type; M: marker

Microstructural characteristics of the mutant: Vascular
bundles and phloem cells were thinner, looser, and more regular
in the simple leaf than those in compound leaf (Fig. 3A-D).
The diameter of the petiole in compound leaves was about
2.23+0.15 mm, which was smaller than that in simple leaves,
about 3.16+0.23 mm (Fig. 3E, F). These results suggested that

compound leaves may have a lower ability to transport water,
mineral nutrients, and photosynthates compared with that of
simple leaves.

SRAP analysis of the mutant: Twelve pairs of SRAP primers
were used to analyze polymorphisms between the mutant and
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wild-type. Eight pairs of primers showed polymorphisms
(Fig. 4). In total, 105 bands were produced, 34 of which were
polymorphic. This suggested that there were mutations at
several loci. In other words, the compound leaf character must
be controlled by more than one gene. The next step is to identify
and clone these genes to clarify the mechanisms of compound
leaf development.

Discussion

Leaves can be simple, compound, or one of numerous intermediate
forms.The development of plant leaf can be roughly divided into
three continuous phases: leaf initiation, organogenesis, and
histogenesis (Holtan and Hake, 2003). The special attributes
that characterize monocotyledonous leaves have led to
morphological interpretations like the phyllode theory, leaf base
theory, and the unifacial concept. All of them aimed to interpret
monocotyledonous leaves in terms of dicotyledonous leaves
and to establish morphological differences between them. The
mutant characterized in the present study showed simple and
compound leaves existed on the same plant, which may suggest
that formation of simple and compound leaves occured via
essentially the same developmental process, as suggested by
Bharathan et al. (2002). Besides morphology, many researches
focused on molecular mechanisms of development of compound
leaf. Up to now, several key genes and genetic regions involved
in the control of leaf shape/size have been identified, including
microRNA-regulated genes (Usami et al., 2009), ribosome-
related genes (Fujikura and Horiguchi, 2009), and a chromosomal
segment (Horiguchi et al., 2009). In recent decades, studies on
development of compound leaf have focused on two model plants,
tomato and pea. There were two key gene families involved in
the development of compound leaf, the KNOX and ARP gene
families (Nishii et al., 2010). Many studies have sought to
determine the roles and regulation of these two interesting gene
families (Barth ef al., 2009; Shani et al., 2009; Nishii et al.,
2010; Peng et al., 2011). However, many important points are
still to be addressed. There may be other gene families involved
in regulating development of compound leaf. The SRAP analysis
in this study indicated that mutations at several genetic loci
contributed to the leaf phenotype. Further research is required
to determine whether these genetic loci contained KNOX family
genes, ARP family genes, or both, or novel genes.

All types of Chl molecules function as light-harvesting pigments.
Cells with higher Chl contents could collect and transfer more
light energy (Wang et al., 2008). Consequently, they showed
higher photosynthetic efficiency and often, higher yield as
well. However, we observed that the mutant had much higher
Chl content, especially Chl a content. With higher Chl content,
photosynthates will be higher, thus the weight will be higher, too.
However the results showed that root weight of the mutant was
only half of the wild-type. Why does this happen? What was the
fate of the photosynthates? Further research is required to answer
this question. Nevertheless, the results showed that there was not
a simple, positive relationship among Chl content, photosynthesis,
and economic yield. The complexity of this relationship has
become a problem for plant breeding programs. Therefore, in
addition to being an interesting research material for study on
compound leaf development, this mutant will also be useful to study
the relationships among Chl content, photosynthesis, and yield.
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