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Thank you very much for the organizers for giving me a chance to talk to you today.

My name is Kinya Akashi, from Nara Institute of Science and Technology, Japan.

And I would like to talk on wild watermelon, 

coming from Kalahari Desert, Africa, which is shown here in the center and the left at the bottom.  

All the other plants are also indigenous to the Kalahari Desert.  



Annual record yield, average yield, and yield losses due to diseases, insects and 
unfavorable physicochemical environments for major U.S. crops

Boyer (1982) Science 218, 443-448
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But plant productivity is limited by a number of factors.

Here is one statistics showing the comparison between annual record yield, shown in  and average yield of the representative crop.

In kilogram per hectar basis.

As shown here, on average, crop plant productivity is restricted to approximately 20% of the maximum, or potential performance 

And the investigation suggested that this loss is attributed to a number of factors.

but the major factor restricting plant productivity is apparettently the environmental stress, as shown here in the blue bars.
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But plant kingdom on earth is very interesting.  And there are surprisingly diverse strategies in various plants concerning the water-relation

Plants are divided into three groups according to the water-availability of their habitats.  Hydrophyte, living in the water, mesophyte, modest requirement for water, 

And xerophytes, which thrive in the water-limited regions.

And among the xerophytes, a lot of diverse strategies are known to cope with water deficits, such as to escaping from drought, avoiding drought or tolerate to desiccation. 

And I would like to focus on wild watermelon, which is recognized as one of the xerophytic species.



Kalahari Desert (Botswana)

Wild Watermelon

Inhabit in the Kalahari Desert, Africa.

Thrives in the spring to summer.

Highly tolerant to drought and
high light stresses.

Carries out C3-type photosynthesis.



Wild watermelon and “Sun” 
people in Kalahari Desert

“Sun people”

 

lives in the Kalahari Desert, Africa.  
They use fruit extracts of wild watermelon as 
major water resources for their living, such as 
drinking, cooking, and washing their bodies.

Ikeya (1991) Kikan-minzokugaku、56:35-42



Drought-induced accumulation of
citrulline in the leaves of wild watermelon
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And the speculation was correct.

Analysis of amino acid content of the leaves, shown here in the left, revealed that there is a huge increase of an amino acid, citrulline, shown in red color,

which is an intermediate of arginine biosynthetic pathways.



Citrulline is a potent scavenger for hydroxyl radicals
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Several biochemical analysis has been conducted, and we found that citrulline is actually a very strong scavenger for hydroxyl radicals, 

which is one of the most toxic, and reactive oxygen species.

Shown in the left is an experimental data showing that the citrulline rapidly scavenges hydroxyl radicals in vitro, in its concentration-dependent manner. 

And the comparative study showed that the citrulline was one of the most effective scavengers in natural compatible solutes in trapping the hydroxyl radicals.



Second-order rate constants for the reactions 
between hydroxyl radicals and various compounds
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And we calculated the 2nd-order rate constant for the reactions between hydroxyl radicals and citrulline, 

and it was revealed that the value was 3.9 times of the 10 to the power 9. 

This value is 2-times more than that of mannitol, which is known to be an efficient hydroxyl radical scavenger.

And 10 to 50 times higher than the typical compatible solutes such as proline and glycine betaine. 

Considering the rate constants and the concentration achieved in the watermelon leaves, we estimated that the half-life of hydroxyl radicals generated in vivo would be less than 1 nano second.

This value is smaller than those estimated for conventional antioxidants such as ascorbate and glutathione.

suggesting that function of citrulline as a hydroxyl radical scavenger might be more important than that of the classical antioxidants.
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We next examine whether citrulline actually protects cellular components from hydroxyl radicals.

This is one example, for the effect on the DNAs.

Hydroxyl radicals were generated in vitro, by the reaction of H2O2 with reduced iron, which then attacks plasmid DNAs, leading to the cleavage of the backbone, and as shown here, damaged linear DNA can be detected on an agarose gels.

And addition of citrulline strongly suppressed the formation of damaged DNA, demonstrating that citrulline effectively protects DNA from oxidative attacks.

And it would be very interesting to test in the future, that citrulline really function as a defensive compound in planta.  
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カラハリ・スイカの果実

☆　シトルリン高含量、

☆　水溶性炭水化物が多いが、甘味料を含まず、低カロリー

☆　抗酸化能力に極めて優れている

☆　水分の保湿効果が高い

カラハリ・スイカの抗酸化効果
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特許：特願2004-135241、野生スイカ抽出物を含有する活性酸素消去剤ならびに保湿剤



Roots of the Desert Plants

Wickens (1998)

Citrullus
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One of the uniqueness of wild watermelon seems to be in the root development.  

This slide shows the Investigation of the root architectures in desert plants.

And citrullus, which is a latin name for watermelon, was recognized to have a highly developed root system,

With water storing function.  



Drought stress progession
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Yoshimura et al (2008) Plant Cell Physiol



Jatropha curcas L. 

▪
 

A member of the Euphorbia family

▪
 

Originated from Central America

▪
 

Relatively resistant to drought

▪
 

Grows well in marginal/poor soils

▪
 

Optimal annual temperature and precipitation: 
20-28℃ and 480-2400 mm or more

▪
 

Grows relatively quickly, and produces high yield of seeds 
(~5 tons /ha/year)

▪
 

Seeds contain large amount of  oils (30-40%)
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野生型タバコ 葉緑体工学を施したタバコ
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タバコ葉緑体ゲノムへのラン藻FBP/SBPase遺伝子導入による光合成と生産性の向上
学会発表：３月末の農芸化学会大会
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