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Supplementary data

Phenology of Acer japonicum across 4 years (2020 - 2023)
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Supplementary Figure S1 Phenological records of an adult tree of fullmoon maple (Acer
japonicum) across 4 years (2020 — 2023). The adult tree (height: =10 m, age: 50 years old) was
grown in the arboretum of Hokkaido Research Center, Forestry and Forest Products Research

Institute (43.0°N, 141.4°E; 180 m a.s.l.).



PAR, . (mol m? day™)

o
§ 20
L
10 -
O 1 1 1 1
8/1 9/1 10/1 11/1
Date

Supplementary Figure S2 Seasonal changes in daily integrated photosynthetic active radiance
(PARint) (A) and daily mean temperature (Tmean) (B) measured under the canopy of fullmoon
maple, at a height of 50 cm above the ground. The figure shows fluctuations under high light at
the south-faced outer-canopy (HL; red, upper seasonal change), intermediate light at north-
faced outer-canopy (IL; blue, middle seasonal change), and low light condition at north-faced
inner-canopy (LL; black, lower seasonal change).
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Supplementary Figure S3 Principal component analysis (PCA) of Acer japonicum transcriptomes.

PCA of the RNA-Seq data showed that the transcriptomes of the same date and light conditions
were similar to each other except for those of Oct 5, for which IL and LL samples showed a mixed
distribution. PC1 explained a 44% variance of gene expression and appears to reflect
developmental progress or senescence. The results indicate that the overall pattern of gene
expression in individual leaves is under strong influence by developmental progression. PC2
explained a 15% variance of gene expression. For PC2, the samples from Sep 7 (LL), Sep 28 (IL),
Oct 5 (IL) and Oct 13 (IL) were similar to each other, those from Sep 7 (IL) and Sep 28 (LL) seemed
to form another group, and the rest of the samples showed intermediate distribution. Thus, PC2
explains the gene expression in which IL and LL show alternating patterns, which seemed
correlated with anthocyanin biosynthesis (see Supplementary Fig. S4 below). Clear differences
between IL and LL samples indicate that the light conditions also influenced the global
transcriptional profiles. However, PC2 indicates that light conditions may have affected the
transcriptome in combination with other factors such as development.
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Supplementary Figure S4 k-means clustering shows
four clusters of Acer japonicum transcriptomes.
One-thousand genes, which showed higher
expression than remaining genes, were categorized
into four clusters based on their expression profiles
on iDEP web application. IL: intermediate-light
conditions, LL: low-light conditions. Above the heat
maps are shown the dates of sampling. The data
were normalized so that the rows (genes) have the
same sum. Red color indicates an increased
expression, while green color indicates a decreased
expression.

The transcriptomes were further analyzed by k-means clustering (Ge et al., 2018), and the top 1,000 highly
expressed genes were grouped into four clusters based on the similarities in their expression profiles
(Clusters A to D). The genes grouped in Cluster A showed the highest expression on 7 Sep, with a gradual
decrease toward 13 Oct. This cluster was represented by photosynthesis-related genes (Supplementary
Table S1). The genes in Cluster B showed distinct expression profiles between IL and LL conditions. Under
IL conditions, the expression of Cluster B genes was high on 7 Sep, once decreased on 27 Sep and 5 Oct,
and again increased on 13 Oct. In contrast, Cluster B genes showed the highest expression on 27 Sep
under LL conditions. Genes involved in the secondary metabolism including those for flavonoid
biosynthesis were enriched in Cluster B (Supplementary Table S1 and Supplementary Dataset S2). The
gene expression profiles of those categorized in Cluster C and D were similar to each other, while those
in Cluster D showed larger changes in gene expression than those in Cluster C. Most of the Cluster C genes
were related to various transport activities, which indicates that the transport activities were increasing
during developmental leaf senescence. In Cluster D, three genes categorized in stomata opening were
enriched, which include plasma membrane ATPase (Arabidopsis At2g18960 homolog), a Psb29 homolog
likely involved in the maintenance of thylakoid membrane (Keren et al., 2005), and protein phosphatase
2 involved in abscisic acid signaling (Leung et al., 1997). This finding may indicate that cellular responses
during developmental leaf senescence overlap with drought responses. Cluster D also contains the three
key enzymes in chlorophyll breakdown, including chlorophyll magnesium dechelatase (alternatively called
SGR), pheophytinase (PPH), and pheophorbide a oxygenase (PaO) (Supplementary Dataset S2). Thus,
Cluster D also represents senescence-related metabolism.
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Supplementary Figure S5 Seasonal changes in leaf mass per area (LMA) in leaves grown under
high light at the south-faced outer-canopy (HL, red circles), intermediate light at north-faced
outer-canopy (IL, open rectangles), and low light at north-faced inner-canopy (LL, black closed
triangles) of an adult tree of fullmoon maple. Values are means * SE (n=4).
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Supplementary Figure S6 Seasonal changes in mean PAR for 1 h before leaf sampling for leaves
grown at the south-faced outer-canopy (red circles, HL), north-faced outer-canopy (open
rectangles, IL), and north-faced inner-canopy (black closed triangles, LL) of an adult tree of
fullmoon maple. Leaves were sampled on 27 Jul, 17 Aug, 7 Sep, 28 Sep, 5 Oct, 13 Oct, 19 Oct, 22
Oct, 26 Oct, and 29 Oct.
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Supplementary Figure S7 Relationship between leaf anthocyanin and sugar contents in leaves
grown at the south-faced outer-canopy (A), north-faced outer-canopy (B), and north-faced
inner-canopy (C) of an adult tree of fullmoon maple. Open symbols indicate leaves sampled from
27 Jul to 19 Oct before leaf N resorption, while closed symbols indicate leaves sampled from 22
to 29 Oct during leaf N resorption. Linear regression analysis was conducted for each group (solid
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Supplementary Figure S8 Relationships between the ratio of sugar to sugar plus starch
[Sugar/(Sugar+Starch)] and Anthocyaninmass (A), and between Anthocyaninmass and Sugarmass (B),
in leaves grown at north-faced outer-canopy (open rectangles, IL) and north-faced inner-canopy
(black closed triangle, LL) of an adult tree of fullmoon maple in 2020.
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Supplementary Figure S9 Seasonal changes in 2020. Observations were made for dry mass-
based leaf anthocyanin content (A), leaf N content (B), F./Fm (C), total chlorophyll content (D),
the ratio of chlorophyll a to b (E), xanthophyll pigment pool size (V+A+Z) (F), conversion state of
xanthophyll cycle [(Z+A)/(V+A+Z)], leaf sugar content (H), leaf starch content (l), the ratio of
sugar to (sugar + starch) [Sugar/(Sugar + Starch)] (J), net photosynthetic rate (Amass) (K), and
electron transport rate (ETRmass) (L) in leaves grown under intermediate light at north-faced
outer-canopy (open rectangles, IL), and low light at north-faced inner-canopy (black closed
triangles, LL) of an adult tree of fullmoon maple. Values are means % SE (n=4-6).

Note: Data of LL leaves sampled on 8 Oct were excluded because girdling caused by insects was
observed on the specific branch where the leaves were attached, after measurements.
Comparing between the values on 8 Oct, and pre- (25 Sep) and post-values (14 Oct), higher
anthocyanin content (2.70 + 0.28 pumol g?), lower chlorophyll content (7.40 + 0.34 umol g?),
higher sugar (81.7 + 3.9 mg g!) and starch content (45.8 + 3.9 mg g'!), and lower photosynthetic
activity (Amass: 0.0080 + 0.0018 pmol g s, and ETRmass: 0.281 +0.022 umol gt s!) were observed
in these leaves (n=5).
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Supplementary Figure S10 Seasonal changes in total electron flow estimated with chlorophyll
fluorescence (Jr = ETR, open symbols), which estimated from Rubisco carboxylation and
photorespiration based on Rubisco kinetics (Jr, grey symbols), and alternative electron flow (Ja,
closed symbols) estimated as Ja = Js — Jr in HL (circles), IL (rectangles), and LL leaves (triangles) of
A. japonicum. Values indicate means + SE (n=4).
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Supplementary Figure S11 Seasonal changes in the ratio of Ja to Jr in HL (red circles), IL (open
rectangles), and LL leaves (closed triangles) of A. japonicum. Values indicate means * SE (n=4).
Ja/Jr was set to 0 when Ja had a negative value.



Supplementary Table S1 Representative metabolic pathways enriched in k-means clustering.

No of
Cluster P values Genes Pathways
A 1.28E-08 28 Photosynthesis
A 1.20E-07 18 Photosynthesis, light reaction
A 1.03E-05 17 Electron transport chain
A 2.00E-05 31 Generation of precursor metabolites and energy
A 0.00156972 34 Small molecule biosynthetic process
A 0.0059441 72 Response to abiotic stimulus
B 3.10E-05 14 Secondary metabolic process
B 0.0001529 9 Detoxification
B 0.00080103 10 Response to toxic substance
B 0.00080103 9 Phenylpropanoid metabolic process
B 0.00180125 5 Toxin metabolic process
B 0.00419419 32 Transmembrane transport
C 3.58E-08 67 Transmembrane transport
C 0.00025389 41 lon transport
C 0.00301831 20 Metal ion transport
C 0.00360087 40 Lipid metabolic process
C 0.00508498 36 Cellular lipid metabolic process
C 0.00546383 19 Anion transport
C 0.00579501 31 lon transmembrane transport
C 0.00579501 25 Inorganic ion transmembrane transport
C 0.00694276 26 Cation transport
D 0.00941617 3 Stomatal opening

Top 1,000 genes whose expression were higher than those of the remaining genes were
clustered by k-means clustering on iDEP (Supplementary Fig. S4).



Supplementary Table S2 Results of Tukey-Kramer multiple comparison test of dry mass- and
area-based leaf anthocyanin content, leaf N content, and F,/Fr, in leaves of a fullmoon maple
tree among dates, or among light conditions (high light: HL, intermediate light: IL, and low light:

LL).
Date
Light 27 Jul 17Aug 7 Sep 28 Sep 5 Oct 13 Oct 19 Oct 22 Oct 26 Oct 29 Oct
Anthocyaninmass HL 0.30fA 0.80fA 1.19fA 2.46¢fA 2.26¢fA8 5.49de, AB 7.09 ¢A 12.80¢A 18.21b5A 23.463A
(umol g1) +0.03 +0.07 +0.08 +0.29 +0.26 +0.34 +1.01 +1.43 +1.27 +1.00
IL 0.46 A 0.71bA 1.065A 2.78bA 3.07bA 6.49 bA 6.82bA 14.86 A 19.042A 15.1228
+0.04 +0.16 +0.22 +1.29 +0.24 +1.57 +0.88 +2.32 +2.61 +1.02
LL 0.29 cdA 0.27 cd.B 0.1448 0.59 cdA 1.33bedB 1.82bedB 3.4630A 2.6938 4.43328 4.733c¢
+0.07 +0.06 +0.02 +0.09 +0.22 +0.71 +0.99 +0.79 +0.42 +0.41
Anthocyaninarea HL 0.01748 0.057¢<¢A  0.0794A  0.186%A  0.160¢*  0.316b<A8 (.503bA 0.93924 1.1192A 1.1902A
(mmol m2) +0.002 +0.005 +0.006 +0.025 +0.02 +0.021 +0.088 +0.117 +0.048 +0.071
IL 0.028 9A 0.042¢4A  0.068¢A  0.177¢4A  0.181<4A  0.401b<A  (0.374¢<dAB  (.7562bA  (0.9022A 0.7828
+0.003 +0.01 +0.014 +0.083 +0.02 +0.109 +0.057 +0.158 +0.089 +0.04
LL 0.010¢8 0.010¢8 0.005 <8 0.022¢A 0.049b<8  (0.0712<B  0.1242»8  (0.0872<B  (.15328 0.1433¢
+0.002 +0.002 +0.001 +0.003 +0.007 +0.031 +0.035 +0.026 +0.013 +0.012
Nmass (Mg g1) HL 18.52A 15.7 cdA 16.3bcB 16.5bcA 15.3¢dB 17.13bA 14,548 12.1eA 6.37A8 4.788
+04 +0.3 +0.1 +0.2 +0.2 +0.4 +0.4 +0.5 +0.1 +0.1
IL 18.12A 16.00A 16.32b8 16.32bA 16.158 14,658 13.5¢B 10.94A 5.5e8 5.2eA
+0.2 +0.6 +0.2 +0.2 +0,2 +0.7 +0.2 +0.7 +0.4 +0.1
LL 17.82A 17.12A 18.12A 16.82A 17.43A 17.32A 16.02A 12.1bA 6.9 <A 4.348B
+0.9 +0.5 +0.1 +0.5 +04 +0.6 +0.2 +0.3 +0.3 +0.0
Narea (g M2) HL 1.075A 1.112bA 1.095A 1.242A 1.089A 0.98 beA 1.025A 0.88 A 0.394A 0.24¢eA
+0.04 +0.01 +0.03 +0.04 +0.01 +0.01 +0.06 +0.02 +0.02 +0.00
IL 1.122A 0.942b8 1.042bA 1.022b8 0.952bA 0.89 beA 0.74¢B 0.5448 0.27¢8B 0.27¢eA
+0.04 +0.01 +0.03 +0.02 +0.06 +0.05 +0.04 +0.05 +0.03 +0.02
LL 0.6328 0.61a¢ 0.6328 0.632¢ 0.652B 0.64 28 0.58 28 0.39b¢ 0.24¢8 0.13d8
+0.01 +0.02 +0.03 +0.03 +0.03 +0.00 +0.02 +0.01 +0.02 +0.00
Fu/Fm HL 0.792b8 0.782bA 0.782b8 0.792bA 0.822A 0.792bA 0.70¢8 0.74beB 0.534dA -
+0.01 +0.01 +0.00 +0.00 +0.00 +0.01 +0.01 +0.01 +0.04
IL 0.7928 0.78 %A 0.8028 0.812A 0.822A 0.792A 0.73 2AB 0.7328B 0.41bA -
+0..01 +0.01 +0.01 +0.01 +0.00 +0.01 +0.01 +0.02 +0.07
LL 0.842A 0.812A 0.842A 0.812A 0.832A 0.802A 0.77 A 0.802A 0.53bA -
+0.00 +0.02 +0.01 +0.02 +0.01 +0.01 +0.01 +0.01 +0.05
ABS e HL 0.8423A 0.8192A 0.8143A 0.8123A 0.8113A 0.82534 0.8193A 0.81034 0.560 A 0.563bA
+0.015 +0.011 +0.011 +0.01 +0.002 +0.002 +0.013 +0.009 +0.014 +0.007
IL 0.867 24 0.8482A 0.8312A 0.8212bA  (0.8312A 0.8202>A  0.7962>A  0.691°B 0.309¢8 0.500 4A
+0.019 +0.009 +0.011 +0.005 +0.014 +0.01 +0.013 +0.046 +0.033 +0.059
LL 0.8393A 0.83924 0.8473A 0.82634 0.8273A 0.81234 0.80334 0.653b8 0.156¢¢ 0.108¢<#
+0.005 +0.006 +0.007 +0.01 +0.009 +0.013 +0.006 +0.023 +0.053 +0.007

Significant differences (P < 0.05) are indicated by different small letters among dates for each
light condition, and by capital letters among light conditions for each date. Values indicate
means * SE (n=4). Note: Leaf anthocyanins and N could be measured for the leaves sampled on
29 Oct, whereas F,/Fr could not be measured, since fluorescence signals were too small because
of almost no chlorophyll remained at that time.



Supplementary Table S3 Results of Tukey-Kramer multiple comparison test of leaf mass per area
(LMA) in leaves of a fullmoon maple tree among dates, or among light conditions (high light: HL,
intermediate light: IL, and low light: LL).

Date
Light 27 Jul 17 Aug 7 Sep 28 Sep 5 Oct 13 Oct 19 Oct 22 Oct 26 Oct 29 Oct
LMA HL 57.7¢4A  70.92bA g6.720A  751aA 70.43bA 57 5cdA 70 43bA 73 4aA 61.9bcA  50,7dA
(g m?) +1.9 +15 +1.6 +1.5 +1.0 +1.8 +4.0 +3.0 +2.1 +15
IL 62.03A 59acB g3 7aA 62.528 58.8acB  g1.2abA 547acB 49 gbcB 49 2cB 51.82cA
+2.7 +25 +1.4 +0.9 +4.0 +3.3 +3.1 +2.4 +2.2 +1.8
LL 35,928  355abC 34 6abB 38 7ac 37.6ac¢ 37.328 36.12bC  32,2abC  34,5abC  30,3bB
+25 +0.7 +1.2 +0.9 +1.3 +1.3 +0.5 +0.6 +1.0 +0.5

Significant differences (P < 0.05) are indicated by different small letters among dates for each
light condition, and by capital letters among light conditions for each date. Values indicate
means + SE (n=4). HL: high light at the south-faced outer-canopy; IL: intermediate light at north-
faced outer-canopy; LL: low light at north-faced inner-canopy.



Supplementary Table S4 Results of Tukey-Kramer multiple comparison test of pigments in
leaves of a fullmoon maple tree among dates, or among light conditions (high light: HL,
intermediate light: IL, and low light: LL).

Date
Light 27 Jul 17 Aug 7 Sep 28 Sep 5 Oct 13 Oct 19 Oct 220ct 26 Oct 29 Oct
Chl a4b,mass HL 8.032.8 4,62 bcB 4.86bcB 4,33bcB 5.41b8 5.12b8 4,67 bcB 3.22¢8 0.769A 0.009-
(umol g1) +0.88 +0.21 +0.28 +0.46 +0.09 +0.20 +0.39 +0.09 +0.09 +0.00
IL 8.8628 8.472b8 5.95 bed,B 4,57 deB 7.852B 4,59deB 5.45¢ceB 2.89¢fB 0.15feB 0.008&~
+0.22 +0.97 +1.01 +0.90 +0.42 +0.53 +0.30 +0.40 +0.07 +0.00
LL 18.662A 16.48 abA 17.852A 10.06 <A 11.89bcA 11.64 boA 10.53 cdA 6.089A 0.61eA 0.00¢&~
+1.63 +1.48 +0.80 +0.87 +1.11 +1.47 +1.06 +0.67 +0.12 +0.00
Chl a4b,area HL 4628 327bcB 323bcB 327beA 3812bA 294 beB 328bcA 234¢A 47 dA 0d-
(umol m=2) +49 +9 +13 +41 +8 +13 +29 +13 +6 +0
”_ 549 a,AB 499 ab,AB 376 bcd,B 285 de,A 458 ac,A 276 de,B 295 ce,A 143 ef,B 6 f,B 0 f,-
+24 +57 +59 +55 +22 +20 +5 +17 +3 0
LL 658 A 584 abA 6152A 404 <A 449 beA 428bcA 381¢A 196 dAB 21eB 0e-
+22 +51 +15 +32 +51 43 42 +23 +5 +0
Chl 4 HL 3.92abA 3.45bA 3.692bA 3.782bA 3.852bA 4.0020A 4.472A 3.923bA 4,082bB -
+0.33 +0.07 +0.17 +0.05 +0.03 +0.12 +0.29 +0.05 +0.39
IL 3.49bdAB 3.244A 3.39cdAB 3.54bdB 3.49bdB 3.54bdB 3.63bcB 3.79bA 4.522hR8 -
+0.03 +0.03 +0.06 +0.05 +0.01 +0.06 +0.03 +0.08 +0.22
LL 3.0848 3.24bdA 3.22¢cdB 3.26bdC 3.31beC 3.23¢cdB 3.46b8 3.31bcB 5.1623A -
+0.02 +0.05 +0.01 +0.03 +0.05 +0.03 +0.03 +0.04 +0.09
V+A+Z mass HL 0.972A 0.69 beA 0.852bA 0.53cdA 0.409A 0.55¢d A 0.394dA 0.369A 0.329A 0.00°~
(umol g1) +0.15 +0.03 +0.01 +0.03 +0.02 +0.04 +0.03 +0.03 +0.03 +0.00
IL 0.762A 0.57bA 0.40¢¢ 0.31cdB 0.37<dA 0.234d8 0.32¢cdA 0.2448 0.08¢8 0.00&~
+0.07 +0.01 +0.01 +0.05 +0.03 +0.01 +0.01 +0.02 +0.02 +0.00
LL 0.702A 0.593bA 0.50bcB 0.41 cd.AB 0.33deA 0.35deB 0.30deA 0.23e8 0.088 0.00f-
+0.05 +0.05 +0.02 +0.02 +0.02 +0.03 +0.02 +0.02 +0.01 +0.00
V+A+Z area HL 55.9aA 49.02bA 56.82A 39.4bcA 28.5cdA 31.6¢dA 27.4¢cdA 26.5¢cdA 19.9dA 0.0e-
(umol m2) +8.4 +2.3 +0.9 +2.3 +1.7 +1.6 +2.1 +2.0 +1.2 +0.0
IL 46.62A 33.5b8 25.4bcB 19.6¢eB 21.5¢dB 14.2deB 17.5¢eB 11.6¢8 3.8feB 0.08&~
+4.0 +1.4 +0.3 3 2.1 +0.5 +0.6 +0.7 +0.8 +0.0
LL 24,928 20.8b¢ 17.1beC 15.6¢cdB 12.5dec 12.9deB 11efC 7.3f8 2.888 0.08~
+0.6 +1.6 +0.5 +0.7 +1.1 +0.7 +0.9 +0.7 +0.4 +0.0
(Z+A)/(V+A+2) HL 0.942A 0.853bA 0.932A 0.76bcA 0.384dA 0.803b A 0.76bcA 0.64 A 0.77beA
+0.02 +0.03 +0.02 +0.05 +0.03 +0.05 +0.03 +0.02 +0.02
IL 0.22deB 0.34 cdeB 0.30deB 0.39bdB 0.40 bdA 0.19¢8 0.51abcB 0.573bA 0.662B -
+0.01 +0.03 +0.04 +0.03 +0.06 +0.02 +0.04 +0.06 +0.02
LL 0.27 bedB 0.13dec 0.18cecC 0.29bcB 0.13e8 0.28bcB 0.35b¢ 0.38b8 0.6028 -
+0.04 +0.01 +0.01 +0.04 +0.02 +0.04 +0.04 +0.04 +0.01

Pigments analyzed were dry mass- and area-based leaf total chlorophyll content (Chl ..b),
chlorophyll a to b ratio (Chl .s), dry mass-based xanthophyll cycle pigments content (V+A+Z),
including violaxanthin (V), antheraxanthin (A), and zeaxanthin (Z), and conversion state of
xanthophyll cycle [(Z+A)/(V+A+Z)]. Significant differences (P < 0.05) are indicated by different
small letters among dates for each light condition, and by capital letters among light conditions
for each date. Values indicate means * SE (n=4). Note: Chl a:b and (Z+A)/(V+A+Z) could not be
calculated on 29 Oct, since Chl,., and (V+A+Z) were not detectable (=0).



Supplementary Table S5 Results of Tukey-Kramer multiple comparison test of dry mass- and
area-based leaf sugar content, leaf starch content, and ratio of sugar to [sugar + starch] in leaves
of a fullmoon maple tree among dates, or among light conditions (high light: HL, intermediate
light: IL, and low light: LL).

Date
Light 27 Jul 17 Aug 7 Sep 28 Sep 5 Oct 13 Oct 19 Oct 22 Oct 26 Oct 29 Oct
Sugarmass HL 53.3bA 51.60A 60.7 abA 62.52bA 64.1 2b.AB 62.9 b, AB 74.13A 78.128 72.12A8 69.52b.8
(mggl) +3.1 +2.8 +2.5 +3.7 +2.8 +0.9 +2.5 +2.2 +9.3 +1.8
IL 58.1¢eA 61.4deA 65.3 ceA 63.4deA 65.3 ceA 69.8 beeA 80.5acdA 96.52A 88.9abA 84.62cA
+3.6 +3.5 +2.1 +3.7 +4.3 +3.8 +5.0 +45 +3.2 +5.8
LL 36.02b:B 33.608 37.92b8 47.42b8 47.12bB 48.42b8 48.32bB 53.4ac¢ 55.028 43.62b.C
+1.3 +1.4 +1.2 +3.5 +5.6 +79 +4.0 +2.2 +4.3 +2.4
Sugararea HL 3.099A 3.66¢dA 4,06 bedA 4.682cA 4.,52acA 3.62¢dA 5.212bA 5.723A 4.43acA 3.53¢cdA
(g m?) +0.27 +0.2 +0.26 +0.24 +0.24 +0.14 +0.32 +0.14 +0.54 +0.19
IL 3.6223A 3.652A 4.153A 3.962A 3.863A 4.283A 4.443A 48128 4.293A 4.393A
+0.34 +0.36 +0.04 +0.23 +0.41 +0.35 +0.48 +0.36 +0.29 +0.33
LL 1.2928 1.1928 1.3128 1.7628 1.7828 1.8328 1.7428 1.72ac¢ 1.928 1.3228
+0.11 +0.06 +0.04 +0.10 +0.27 +0.38 +0.13 +0.07 +0.16 +0.05
Starchmass HL 8.5¢A 39.42A8 24.2bA 15.2bcA 7.4¢A 4.26A 6.1¢A 3.1¢A 1.6¢A 2.0¢A
(mgg?) +1.8 +7.2 +4.8 +0.6 +0.4 +0.5 +1.3 +0.2 +0.3 +0.6
IL 13,1 bcA 49.22A 22.0bA 15,7 beA 21.4bA 9.7 beA 5.8¢A 2.6¢A 2.7¢A 3.3¢A
+29 +7.2 +1.2 +1.5 +5.1 +1.1 +0.4 +0.3 +0.2 +
LL 10.02bA 19.728 8.62b8 15.9abA 16.32bA 7.92bA 3.43bA 0.9b8 1.6bA 2.02bA
+1.4 +2.5 +1.5 +49 +8.7 +53 +1.1 +0.3 +0.4 +0.8
Starcharea HL 0.48cdA 2.792A 1.61bA 1.14bcA 0.52¢cdA 0.24 cdA 0.44 cdA 0.23cdA 0.109A8 0.11dA
+0.09 +0.52 +0.3 +0.04 +0.03 +0.03 +0.11 +0.02 +0.02 +0.03
IL 0.82beA 2.902A 1.400A 0.98 bd.AB 1.20bcA 0.59 cdeA 0.31deAB (0,138 0.13¢A 0.17eA
+0.20 +0.42 +0.06 +0.11 +0.22 +0.05 +0.03 +0.02 +0.01 +0.05
LL 0.362A 0.7028 0.2928 0.5828 0.642A 0.322A 0.1228 0.032c¢ 0.0528 0.062A
+0.06 +0.09 +0.04 +0.18 +0.36 +0.22 +0.04 +0.01 +0.02 +0.02
Sugar/ HL 0.86bcA 0.58¢A 0.724A 0.80cdA 0.903A 0.94 2bA 0.922bA 0.962b8 0.982A 0.972A
(Sugar + Starch) +0.03 +0.04 +0.04 +0.01 +0.00 +0.01 +0.02 +0.00 +0.00 +0.00
IL 0.82bdA 0.568A 0.759A 0.80¢dA 0.769A 0.883bcA 0.933bA 0.972A8 0.972A 0.962A
+0.02 +0.04 +0.01 +0.02 +0.05 +0.02 +0.01 +0.00 +0.00 +0.01
LL 0.78bdA 0.639A 0.822dA 0.77 cdA 0.802dA 0.89 abcA 0.94 abcA 0.982A 0.972A 0.962bA
+0.02 +0.03 +0.03 +0.06 +0.08 +0.05 +0.02 +0.00 +0.01 +0.02

Significant differences (P < 0.05) are indicated by different small letters among dates for each
light condition, and by capital letters among light conditions for each date. Values indicate
means * SE (n=4).



Supplementary Table S6 Results of Tukey-Kramer multiple comparison test of dry mass- and
area-based net photosynthetic rate (Amass, Aarea), and electron transport rate (ETRmass, ETRarea) in
leaves of a fullmoon maple tree among dates, or among light conditions (high light: HL,

intermediate light: IL, and low light: LL).

Date
Light 26 Jul 16 Aug 6 Sep 27 Sep 4 Oct 12 Oct 18 Oct 25 Oct
Amass HL 0.1302A  0.098<dA  0.1093¢A  0.089<dA  (0.103bcdA (.1382A 0.075 9A 0.020 ¢4
(umol gt s?) +0.009 +0.009 +0.009 +0.009 +0.005 +0.002 +0.005 +0.002
IL 0.111 A 0.09320A  0.106 24 0.10225A  0.094 2>A  0.074°<8  (0.052 <8 0.005 48
+0.111 +0.008 +0.003 +0.007 +0.008 +0.011 +0.004 +0.004
LL 0.1322A 0.1072A  0.1213A  (0.073 ¢A 0.0912<A  0.082b<8  (0.072¢A 0.012 948
+0.008 +0.014 +0.007 +0.012 +0.015 +0.009 +0.005 +0.004
Aarea HL 7.473A 6.902bA 7.253A 6.682bA 7.273A 7.9523A 5.26bA 1.20¢A
(umol m2s1) +0.32 +0.48 +0.41 +0.57 +0.27 +0.23 +0.39 +0.09
IL 6.86 34 5.44 bcA 6.7520A 6.3620A 5.44bcB 4.40¢B 2.8098 0.21¢8
+0.19 +0.26 +0.22 +0.43 +0.39 +0.42 +0.10 +0.19
LL 4.7028 3.802b8 4.212b8 2.7608 3.382abC 3.03b¢ 2.59b8 0.41¢8
+0.23 +0.46 +0.31 +0.47 +0.51 +0.25 +0.20 +0.15
ETRmass HL 1.223bA 0.84¢A 1.00¢A 1.04 beA 0.98¢A 1.292A 0.619A 0.20¢A
(umol gt s?) +0.04 +0.06 +0.04 +0.03 +0.02 +0.07 +0.03 +0.02
1L 1.142A 0.80bA 0.92bA8 0.92bA 0.83bA8 0.73b8 0.38¢8 0.0698
+0.03 +0.04 +0.03 +0.05 +0.05 +0.08 +0.01 +0.02
LL 0.9528 0.753A 0.832b8 0.53¢dB 0.66b<8 0.57 bed.B 0.384¢8 0.04¢8B
+0.04 +0.1 +0.03 +0.05 +0.08 +0.07 +0.01 +0.01
ETRarea HL 7020A 59.3¢A 66.3 bcA 77.73A 68.7bA 73.62bA 42.7 9A 12.6¢A
(umol m2s1) +1.4 +34 +14 +19 +14 +2.0 +0.8 +0.9
IL 70.62A 47.1¢d8 58.6bA 57.6bc8 48.4 048 44,248 21.1e8 2.8%8
+1.5 +04 +29 +29 +34 +29 +18 +0.9
LL 33.928 26.72bC 28.92b8 20.1bccC 24.82bC 20.9bccC 13.9¢¢ 1.348
+1.3 +35 +1.8 +2.3 +2.9 +1.9 +0.2 +0.5

Significant differences (P < 0.05) are indicated by different small letters among dates for each
light condition, and by capital letters among light conditions for each date. Values indicate

means * SE (n=4).



Supplementary Table S7 Results of Tukey-Kramer multiple comparison test of area-based total
electron flow estimated by chlorophyll fluorescence (J), electron flow consumed by Rubisco
carboxylation and oxygenation (Jr), alternative electron flow (J»), and the ratio of Ja to Jr (Ja/JE)
in leaves of a fullmoon maple tree among dates, or among light conditions (high light: HL,

intermediate light: IL, and low light: LL).

Date
Light 26 Jul 16 Aug 6 Sep 27 Sep 4 Oct 12 Oct 18 Oct 25 Oct
Jr HL 70.02bA 59.3¢A 66.3 bcA 77.73A 68.7bA 73.620A 42.749A 12.6¢eA
(umol m2s1) +1.4 +34 14 +19 14 +2.0 +0.8 +0.9
IL 70.62A 47.1¢d8 58.60A 57.6bcB 48.4bd8 44,248 21.1e8 2.88
+1.5 +04 +29 +29 +34 +29 +138 +0.9
LL 33.928 26.720C 28.9208 20.1beC 24.83bC 20.9beC 13.9¢¢ 1.348
+1.3 +35 +1.8 +23 +29 +19 +0.2 +0.5
Jr HL 68.02A 47.2 beA 50.1¢A 47.3 beA 49.8¢A 59.4 3cA 34.5bA 7.29A
(umol m2s1) +2.6 +28 24 +56 +15 +21 +25 +04
IL 53.628 37.4bcB 44.62bA 41.95A 37.0bcB 30.2¢B 17.548 2.2¢8B
+1.4 +0.8 +15 +29 +3.0 +34 +0.6 +1.0
LL 35.1a¢ 24.52bC 27.22b8 19.058 23.72bC 23.92b8 17.558 2.5¢8B
+1.6 +31 +22 +29 +36 24 +15 +0.8
Ia HL 2.098 12.1¢cdA 16.2bcA 30.42A 18.9¢A 14.2bcA 8.2 cdA 5.4 bdA
(umol m2s1) +1.5 +0.8 +13 +4.0 1.7 4.1 +24 +0.7
IL 17.02A 9.72bA 14.024A 15.728 11.42bA 14.02A 3.5bcAB 0.6¢8
+1.5 +0.8 +18 +0.9 +25 +29 +19 +0.2
LL -1.1a8 22238 1.728 1.1ac 1.128 -3.0a8 -3.638 -1.238
+1.3 +0.6 13 +14 +2.0 +21 +15 +0.7
Ia/Je HL 0.03¢B 0.20beA 0.252bA 0.392A 0.272bA 0.19beA 0.19beA 0.422A
+0.02 +0.01 +0.02 +0.06 +0.02 +0.05 +0.06 +0.04
IL 0.24 2bA 0.212bA 0.24 2bA 0.27 2bA 0.233bA 0.312A 0.172b5A8  0.10b8
+0.02 +0.02 +0.02 +0.02 +0.05 +0.06 +0.06 +0.05
LL 0.0128 0.08 2B 0.0728 0.102B 0.102A 0.002B 0.002B 0.022B
+0.01 +0.01 +0.03 +0.04 +0.06 +0.00 +0.00 +0.02

Ja/Jr was set to 0 when Ja had a negative value. Significant differences (P < 0.05) are indicated by
different small letters among dates for each light condition, and by capital letters among light

conditions for each date. Values indicate means * SE (n=4).



Supplementary Protocol S1 Estimation of alternative electron flow

To estimate the contribution of anthocyanin synthesis to consuming excessive energy, we
investigated seasonal changes in alternative electron flow consumed by other than Rubisco
carboxylation and oxygenation in HL, IL, and LL leaves. Electron flow estimated on the basis of
chlorophyll fluorescence (J¢) was considered as total electron flow. We considered the difference
between Jr and electron flow consumed by Rubisco carboxylation and oxygenation (Jg) as
alternative electron flow (Ja); Ja = Jr - Jr (Laisk et al., 2006).

Je was equal to ETR in the main text, estimated as Je = ETR = ABS x light intensity x YII x
0.5 (Demmig-Adams et al., 1996). Jr was derived from Rubisco kinetics, light-saturated net
photosynthetic rate (A), and intercellular CO, concentration (Ci) on the assumption that Jg is

limited by NADPH consumption (Farquhar & von Caemmerer, 1982; von Caemmerer, 2000) as
] 8T " +4(
R — Ci_l—-*

(A + R,), where I'" is the C-based apparent photosynthetic compensation point
determined for tobacco plant (Nicotiana tabacum L.) (Bernacchi et al.,, 2001), and Ry is
respiration rate under light. R4 was estimated from an empirical model; Ry = [0.5 = 0.05 In(PFD)]
Rn (Rn: respiration rate under dark) according to (Lloyd et al., 1995). As we did not measure Ry
of A. japonicum, we estimated R, of A. japonicum from a common dry mass-based respiration
rate (Rn.mass, 0.0138 umol g s1) for Betula platyphylla var. japonica (n=11), and Fagus crenata
(n=7), as R (umol m? s) = Rymass (umol gt s) x LMA (g m™). Temperature-dependency on I'*
and Ry was also taken into account (Bernacchi et al., 2001). Although there might be an
inevitable uncertainty in estimating Jg accurately because of many assumptions on the
parameters not directly measured, such as Ci-based I'* and Rq. However, we believe that
assessments of seasonal trends in electron flows and for a relative comparison among leaves
grown under different light conditions would be possible.
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