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Seasonal variations in environmental factors
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Seasonality of photoperiod and temperature 

virtually disappear in tropical rain forests
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(Kyushu)

Taiwan Malaysia

Satake et al. New Phytol 2022
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Flowering
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Latitudinal gradient of reproductive phenology
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High synchrony

Less synchrony Araye, Yahara, Satake (under review) 

family Fagacae

genus Lithocarpus



Wind

pollination

Animal 

pollination

Diversification rate
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Zhou et al. 2022 Nat Commun

Lithocarpus
Animal pollination

Quercus
Wind pollination

Genus Quercus and 

Lithocarpus diverged 

c.a. 55 million years ago.
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Genetic Basis

Orthologous genes 
that have evolved from a 

common ancestral gene

Speciation

Environments Phenology

A cross -scale approach for phenology
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profiles 
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We can understand the physiological mechanism and 

evolutionary history of phenology.



FLC

Flowering

Vernalization

Molecular and genetic knowledge
in model plants

DAMs

Bud burst

But dormancy break

Aikawa et al. 2010 PNAS Vimont et al. BMC Genomics 2019
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Fagus crenata

(Japanese beech)

Quercus glauca Lithocurpus edulis

Shorea curtisii

Shorea leprosula

ʾField monitoring of phenology 

ʾField transcriptome

ʾTarget gene

expression analyses 

Perennial herb

Arabidopsis

halleri

Dipterocarpaceae

Molecular phenology in non -model plants

Fagaceae



Today s topics

1. Tropical phenology and impacts of climate change 

2. Comparative molecular phenology in Fagaceae



Useful Tropical Plants ,http://tropical.theferns.info,2019/04/20

Dipterocarpaceae

Fabaceae

Malvaceae

MeliaceaeMyrtaceaeMoraceae

Lauraceae
Sapotaceae
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others

Monthly record of present or absence of flowers and fruits

in 210 tree species from 41 families in arboretums in Malaysia. 

Monhly observation of flowering and fruiting

1976~2010

112

In collaboration with 

Dr. Numata@Tokyo Met and 

Dr. Hosaka@Hiroshima Univ.

Long - term flowering and fruiting data



Tropical phenology in Southeast Asia

Year Numata et al. 2022. Commun Biol

ʾNumber of flowering species is low in late 1970s. 

ʾMore than 70 species flowered in 1985.

General flowering

ʾSynchronized flowering, in which more than 20% of species 

participate ( ), occurred once in 2ï8 yrs.



Low temperature
Several nights of low temperature

Ashton et al. 1988

Drought
30 days total rainfall 

that is less than 40mm

Sakai et al. 2006

What is a trigger of general flowering? 

Low temperature × Drought
Synergistic effect 

Chen et al. 2018



Mann-Kendall test

Temperature increased.
ˢ0.39 ± 0.02 ęC /decadeˣ

Precipitation 

slightly increased.

(0.51 ± 0.26 mm/day/decadeˣ

Observed climate change over 30 yrs



Temperature

Precipitation

How climate change impacts 
on tropical phenology? 

Prediction of 

future phenology 

Model



Modelling signal accumulation and integration
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Gene regulatory network in 

Arabidopsis plants

Different pathways are integrated

Integration
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Parameterization and model selection

95 Dipterocarp species

Clustering into 

optimal number of 

phenological groups



Group 1, 2, 5, 6

response to drought

Group 3, 4

(57% of total number of species)

response to low temperature

and drought

Presence of flower

Absence of flower
Different pheno groups showt

different environmental responses

under same environment
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We identified 6 phenology groups

Group

1

Group

2

Group

3

Group

4

Group

5

Group

6

The differential sensitivity to 

environmental signals will have a 

profound effect on fitness.



From 2011From 2012

How about molecular phenology in tropics?

S. leprosula

Shorea curtisii

Depterocarpaceae



Monitoring molecular phenology of tropical trees



Sample collection

RNA extraction

Measurement of gene 

expression level by qPCR
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Target genes
Most important genes for floral 

transition



S. leprosula

S. curtisii
Flowering

Fruiting

Flowering

Fruiting

Activation of FT and LFY induces floral induction.

Molecular phenology of tropical trees

Yeoh et al. 2017. Mol Ecol

Molecular phenology is effective to monitor 

physiological changes that cannot be seen with eyes. 
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Yeoh et al. 2017

30 day running 

mean temperature

65 days
30 day running 

mean rainfall

Threshold temperature = 25.5ęCThreshold rainfall = 2.4mm/day

Data

Prediction
S. curtisii Tree1

Tree 2
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Integrated drought and low temperature signals 

explain observed molecular phenology



Prediction

Numata et al. 2022. Commun Biol

?

Impacts of climate change on tropical phenology

High CO2 emission
scenario
ˢRCP8.5)

Low CO2 emission
scenario
(RCP2.6)

GCM Prediction

+3.1 ±

+1.2 ±

Temperature

Precipitation

1.2ÅC increase of 
temperature results 

in the loss of 
flowering in 57% of 

Dipterocarp species.



Trigger Flowering

High solar radiation

photosynthesis

Seed 

Seedling

Germination and growth

in wet condition

Cool temperature response may be adaptive to the past but 
not to the future climate

Future


