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Supplementary methodsFrom leaf rank to leaf age: uses and principles.

In order to evaluate leaf growth limitations duriitg development (that can last more than
one month, see Aguirrezabal et al., 2006) regasdtdswhole plant changes like floral
transition (Christophe et al., 2008), we develogedpproach, fully described from Fig. S1 to
Fig. S3, which consisted in translating the spatifdrmation given by serial leaves at a given
instant into a time series. The use of serial lsavk the same shoot to study changes
occurring during leaf development has been recondexrior long, for instance through the
leaf plastochron index (Erickson and Michelini, IR3ts relevance has been demonstrated in
many species, includingArabidopsis thaliana grown under short day (Groot and
Meicenheimer, 2000b). Ontogeny-dependent variaftiedied following this spatiotemporal
rationale encompass leaf processes as variouspashiggn under water stress (Silk, 1980;
Hsiao et al., 1985), morphological and anatomidanges (Isebrands and Larson, 1973,
1977; Groot and Meicenheimer, 2000a; Taylor et2003), carbon balance (Silvius et al.,
1978; Dickson and Larson, 1981; Kennedy and John£8&1; Gagnon and Beebe, 1996;
Ade-Ademilua and Botha, 2007; Reich et al., 200&ter relations (Schultz and Matthews,
1993), biomechanics (Niklas, 1991), interactionthvpiests (Shaik et al., 1989; Kleiner et al.,
2003), or even genes expression in Arabidopsiofifet al., 2008). Our method, which is
based on the phyllochron age converted into tinevalg a day/night representation of the
data, assumes th& feaf of a stem at a given timei$ equivalent than thé'n+ 1 older leaf at

to, provided thatt— t equals the time required for one leaf to emergethe phyllochron)
between leaf n and n + 1. Literature indicates thigt assumption holds true for Arabidopsis
rosette at least considered during a period affientgther by germination nor flowering: at
12 h photoperiod, expansion duration of succestawes is almost constant while leaf
emergence proceeds at a stable rate (Cookson, @0@l7); even at 16 h photoperiod, RER
dynamics of all the 10 leaves non-preformed insted fitted a unique relationship (Chenu et
al., 2005); above all, similar RERs and steadytptdsons were observed for more than 25
successive leaves at the 10 h photoperiod wheretatage period is extended (Groot and
Meicenheimer, 2000b). We used the latter shortptefoperiod and validated the assumption
in our control conditions at several levels, inehgd phyllochron, leaf area, and RER (see
Fig. S2).
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® Area acquisition

® Correction

® Leaf reconstruction

® RER calculation

Figure S1
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Fig. S1. Process from plant images to RER patterndVhen plants reached the targeted
vegetative stage, three consecutive zenithal phapbg were taken: the first at the beginning
of a day period, the second at the end of the siayeeriod, and the third at the end of the
subsequent night. This was repeated three daysulatier maintained environmental regimes
as a replicate, but for sake of clarity, only oressson has been represent@l Area
acquisition. The area of serial leaves was extracted from hineetpictures using a semi-
automated program developed on the ImageJ softv@@orrection for hyponasty. An
independent series of non-zenithal photographs taken at the same three periods to
measure leaf insertion angle and compute the at#ablarea. Ste® is fully described in
Fig. S3 and was completed only on the wild-type-C@nd on genotypes or environments
that induced hyponast® Leaf reconstruction. For each picture and for each rank, leaf age
after emergence was computed using the measurdidgiirgn. Leaf area was then plotted
against its time after emergence, distinguishing ehday (open circles) from end of night
(closed circles) values. the A logistical functi(solid line) was fitted to the end of night
dataset and the time of half expansiop) (tvas stored. Inset: daily relative expansion rate.
RER was computed on a 24 h basis as the local sibplee natural logarithm of the area
using the end of night dataset (closed circlesklfital form of the RER (solid line) was
derived from the previous logistical function anldtfed using the same fitted parameters.
Note that dailly RER is continuously decreasing fiomc of time. @ Day/night
discretization. Each area measured at the end of the day or wightassigned to the nearest
reconstructed end of day or night, respectiv@yRER calculation. RER was computed on a
day/night basis using raw data (crosses) and dedeor the linear effects of temperature
(thermal time, closed circles) using a thresholdhpgerature of 3 °C and a reference
temperature of 20 °C (see Methods). Values werectdtl to the middle of the light or dark
period. ® Polynomials fitting. A second-degree polynomial was fitted indepengeotithe
diurnal RER (dashed line) and to the nocturnal R&#tted line). RER patterns were drawn
from leaf emergence t@otby joining the predicted values for the successilet and dark
periods (solid line). For step® to ®, black rectangles and gray bands indicate thetnigh

periods, and error bars are mean + SE 119).



Figure S2
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Fig. S2. Validation of the leaf reconstruction metbd. The relevance of the process of leaf
temporal reconstruction from spatial informationg(FS1) was verified at several levels. Error
bars are mean + SE #n10). (A) Number of emerged leaves and phyllochron during
rosette developmentLeft panel: Emerged leaves were counted regulartif 50 days after
germination (closed circles) on the well-watered-@oA logistical model was fitted to the
data (solid line). The double-sense arrow indicalbesperiod where the photographs were
taken. Right panel: Phyllochron was computed asirtlierse of leaf emergence rate, from
data (closed circle) and model (solid line) of leainber. The model was then inversed to
compute the emergence date of the oldest digithleaf. The double-sense arrow shows the
period from this oldest date until the day of meament and underlines the phyllochron
stability during this periodB) Area of a reconstructed leaf against a single&f. Leaf area
was monitored either on one individual leaf durimige days (single leaf) or using serial
leaves during one day (reconstructed leaf). Symblotsv the area of the reconstructed leaf
for Col-0 (closed circles) anoym(crosses) under well-watered conditions. Soliddishow a
logistical model fitted on the respective singlafldatasets. The indicated R? measures the
guality of the model when the parameters obtainewh the single leaf adjustment are applied
to the reconstructed leaf datas@f) Relative expansion rate of a reconstructed leaf
against a single leafThe day/night RER in the well-watered Col-0 wampared between a
reconstructed leaf and a single leaf as in (B)cBleectangles and gray bands indicate the
night periods. Photographs show the whole rosettéhe beginning and at the end of
measurements for each method. Note that for trenstaicted leaf method, a second session
was performed three days later as a replicateingdd a four-day range between the first and
the last picture, but it can be restricted to oag ds depicted heréD) Heatmap of the
expansion patterns including the single leaf dataseSame as Fig. 4Avith addition of the single
leaf data presented in (C). Note that both methoels in bold on the right hand of the
heatmap) clusterised closely togeth€E) Reproducibility of the leaf reconstruction
method. Day/night expansion patterns of a reconstructed fea three independent
experiments performed on Col-0 under well-wateredddions. Black rectangles and gray
bands indicate the night periods. Note that theet@xperiments clusterised closely together

in the heatmap presented in (D).



Figure S3
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Fig. S3. Taking hyponasty into account.

(A) Protocol to measure leaf insertion angleLet us consider a reference frar(ﬁeyz) of origin O
related to the rosette center. Consider a digitaiara whose diaphragm belongs to the circle otigadi
r, of center O and in th 3(2) plane. Lef} be the oriented angle between theaxis and the straight
line defined by the origin and the camera diaphragmthat for a zenithal picturg&,= 0. Our camera
was fixed in this way, using a rotating stand allmyto controlp. Leaf lengthL’x; on the X

component at the leaf ramkas measured on the photograph varies ithssuming that petiole and
blade are aligned, the relation between the phapiwgd leaf length’x; and the actual leaf lengtkx;

on the X component is given by:

DﬁD[—gﬂxi ;gmi

with ¢; the insertion angle at the leaf rankOne can check that the maximunlLof; as a function of

: L'x = Lx [&os(ai — p)

equalsLx; and is reached when the focal plane of the caisgrarallel to the leaf plane (i.8.=«).

Hence, using a set of three picturesa{b;c} taken with an orientation of

{ﬁa =0;0<p sg+ ai g +0i < fic< O}, respectively, we were able to compute the inserti

angle of each leaf rarikwhose length on the component was not zero, by solving numerically the
following equation fow;:

L'xib - L'xic _ cos{ai = fb)-cos(ai - fc)
L'xia coslai)

with L'X;,, L'Xip, @andL’X;. the length on theX component as measured on the pictards andc,

respectively. From at least six replicates, an ayed value was computed for each leaf rank of a
given genotype in a given environment, at the enthe day and at the end of the night. Then, the
measured area from the zenithal pictus&of each leaf rankunder each condition investigated was

corrected fow; to obtain the actual ar&iprior to the RER calculation using the simpledrigmetric

relationship:
-_Si

S= cos(ai )

(B) Examples showing the effects of leaf insertioangle on RER patterns.This protocol was
applied to the well-watered Col-0 under high ligist a control, and to the genotypes or treatments
clearly inducing hyponastypgm sex1 low light). As expected, the correction on thatcol had only
minor effects (right panel) since Col-0 did notplésy a marked hyponasty. The effects were more
pronounced orpgm under low light, a genotype environment combination where hyponasty was

enhanced, with a maximal difference of about 18ttMeen night and day.



Figure S4
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Fig. S4. Effect of a severe metabolic and hydrauliconstraint in combination. The starch
mutants were grown either under well-watered camakt (light tan) or under severe water
stress (dark tan), and compared to their well-veaterild-type (black). Note the closeness
between the starch mutants under soil water defiuit their well-watered wild-types. Black
rectangles and gray bands indicate the night pgrRmints: observed. Lines: smoothed. Error
bars are mean + SE £n10).(A) pgm. (B) sex1. (C) mex1. (D) dpe2.



Figure S5
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Fig. S5. Heatmap of the expansion patterns for thérst third of the kinetics. Same as
Fig. 4A but the analysis was restricted to theyestdges. Note that in these conditions, well-
watered wild-types clusterised foremost with thardt mutants instead of the wild-types

under water stress.



