SUPPLEMENTAL FIGURE LEGENDS

Figure S1. SEM images illustrating leaf surfaces of t@Wwoyza species which were used to
calculate stomatal density and size. Analyses sd@wv alta (A,B) has low density and size of
stomates on each side of the lami@aparthii (C,D) had among the highest stomatal density and
size in both lamina surfaces. Scale bars =[280from A to D. See Supplemental Table S3 for

data on stomata acro@syzaaccessions.

Figure S2. A, example of light microscopy image of leaf cregstion Q. australiensis21)
used to estimate the leaf mesophyll volume occupyebhtercellular Air Space (IAS, in red). B,
Schematic drawing showing the method of estimatirggextent of cell surface lobing as cell
perimeter tortuosity. This was calculated as amrahratio: black line is the perimeter of
mesophyll cell section (arc) and red line is thameter of the cell section circumscribed area

(chord). ch, chloroplast; m, mitochondria.



Figure S1. SEM images illustrating leaf surfaces of twyza species which were used to calculate stomatal
frequency and size. Analyses shov@dalta (A,B) has low density and size of stomates on eidh of the lamina;

O. barthii (C,D) had among the highest stomatal density &&lis both lamina surfaces. Scale bars = R@0from

A to D. See Supplemental Table S3 for data on st@@meros$ryzaaccessions.
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Figure S2.A, example of light microscopy image of leaf cresstion Q. australiensis21) used to estimate the
leaf mesophyll volume occupied by Intercellular Apace (IAS, in red). B, Schematic drawing showtng
method of estimating the extent of cell surfacerigtas cell perimeter tortuosity. This was caloedbss arc-chord
ratio: black line is the perimeter of mesophylllction (arc) and red line is the perimeter @& tell section

circumscribed area (chord). ch, chloroplast; mpgtibndria.



Supplemental Materials and Methods S1. Estimate afell volume from values oface.

The mean (luminal) M cell section area in leaf srssctionsdcey, £m?) was determined for
each accession (n= 3). In addition, in each leadxsection, the three highest were taken as
M cell median sectionsae med 1m?). AcrossOryza accessions, MeaRel_med (N= 3) andacel
had a close positive correlation (r= 0.83).

Leaf M cells inOryzawere assumed to be prolate spheroids; in theclesfs section, they
have the major axis (2a) twice the length of theeotwo minor axes (2b2lp=a), as in Sage and
Sage (2009) and Scafaedal (2011). In each leaf cross section, represematigjor and minor

M cell section semiaxes (a and b, respectivelyeveatculated based on

a =m*a*b (Eq. S1)

cell_med™

and they were used to compute cell volume {folm°) as

4

Vol = 3 T* a* b’ (Eqg. S2)

cell

Cell surface lobing was not taken into account. M¥al.. andace; acrosgOryzaaccessions
had a close positive correlation (r = 0.83; P< P.0baddition, in each leaf cross section, the M

cell surface areafei sur) corresponding t&olcewas calculated as

acell surf = Zﬂ* b2 + Zﬂa_b *Sin_l£ (Eq 83)
- &

where a and b are the major and minor M cell sectiemiaxes; and = (va®-b?*)/a=
0.8660 is the eccentricity parameter. Equationsu82S3 were taken from Beyer, 1988y _sur
was edited to take into account for LabThe mean R ratio (see list of leaf traits in Table 2)

and the meamcen_surf /VOlcen ratio acrosfOryza accessions showed a positive correlation (r=
0.60).

LITERATURE CITED
Beyer WH (1978) Handbook of mathematical sciencdseéition, CRC Press, Boca Raton, FL,



USA

Sage TL, Sage RK2009) The functional anatomy of rice leaves: icgtions for refixation of
photorespiratory C®and efforts to engineer,(Qhotosynthesis into rice. Plant Cell Physiol
50: 756-772

Scafaro AP, von Caemmerer S, Evans JR, AtwelBJ (2011) Temperature response of
mesophyll conductance in cultivated and wildyza species with contrasting mesophyll cell
wall thickness. Plant Cell Envirdd¥: 1999-2008

Supplemental Materials and Methods S2. Magnitude othe CO, diffusion leaks into and

from the Fluorometer Leaf Chamber and its effect omA and C; calculation

A guantitative analysis of CQeakage into and from the LI-COR 6400XT Fluorometeaf
Chamber was performed, as suggested by LI 6400XTualgLI-COR Biosciences, 2008) and
following Flexaset al (2007) and Rodegheiet al. (2007) suggestions. A portion of a dead and
dry leaf ofOryza sativaR64 was enclosed in the cuvette having one neepfleelow) and one
polyethylene (above) foam gasket; synthetic rublf€erostat 1X, HenkelTechnologies,
Dusseldorf, Germany) was used to improve the sgalfkir surrounding the cuvette was
ventilated: the ambient GOnolar fraction nearby the chamber was constanhgduhe test (400
pmol CQ; mol* air). The same molar bulk flow rate through tharmber which was adopted for
leaf measurements was employed (3@l air s'); chamber block temperature was set at 30°C.
Drierite knob was turned to bypass, so that thesealavbe corresponding & molar fraction
(mmol H,O mol* air) inside the cuvette and in the surrounding air

SeveralC, values over the range from 40 to 15060l CO, mol™* air were imposed to the LI-
COR 6400XT equipment; at ea€h, the CQ molar concentrations measured by chamber’s inlet
and outlet gas analyzer€;(and Cs, pmol CO, mol™ air, respectively) were recorded. Three
replicates were taken. The gradients betw&eand Cs [(C-Co)ear, kMol CO, mol™ air] were
calculated and plotted versGs a linear model was adopted to fit the data

(Cr-Co)ieak =-0.000&; + 0.3630 (B= 0.96; P< 0.001) (Eq. S4)

From the leaf gas exchange measurements takere@rylzaaccessions the value Afwas



then calculatedymol CO, m? s?) at each impose@,, i.e. at eactCs, as

A= F(Cr _Cs) _CSE+ F(Cr _Cs)leak
10CS 10CS

(Eq. S5)

according to the LI-COR 6400XT manual (LI-COR Bimswxes, 2008); F is the molar flow
rate @mol air s%); (C; -Cs) is the gradient of COmolar concentrationumol CQ, mol™ air)
measured by chamber’s inlet and outlet gas anay%eis the surface area of the chamber lumen
(m?); E is the transpiration rate per unit leaf surfacaamol HO m? s?); and C,-Cy)eaxis the
differential of CQ molar concentrationufmol CQ, mol™* air) due to C@ diffusion leaks which
was provided by Eq. S4.

As reported by Flexast al (1997), CQ leaks into and from the leaf chamber affeandC;
in opposite direction; see the LI-COR 6400XT man(ldtCOR Biosciences, 2008) for the
equation 1-18 (which include§y adopted to calculatg,.
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Supplemental Materials and Methods S3

Fick's laws applied to estimategn,

Based on (First and Second) Fick's Laws (Nobel,2200nder the assumptions of isothermal

and isobaric conditions and of absence of souncdssimks along the one-dimensional diffusion



path, the flow for specigsn a solution through a barrier can be calculasd

J = Dj * Kj*Ab*(le_Cjz)

(Eq. S6)
j d

whereJ; is the flux for specieg(mol s%), D is the diffusion coefficient (frs"), Kjis the
partition coefficientAy is the barrier cross-sectional areé)(rﬁ:j is the concentration of j before
and after the barrier (mol jTrair), d is the path length (m).

When the species is G@hat diffuses in the leaf mesophyll from Interar Air Space (IAS)
to chloroplast stroma in a liquid solution throug#ll wall and membranes, the barrier cross-
section ared\, could be represented by the mesophyll cell surfmea exposed to IAS expressed
per unit (one side) leaf surface are®.{ um’> xm?) and the C@ flux density, which
corresponds to net photosynthetic rate per unftdegace areaX, mol CQ m? s?), could be

calculated as:

A= Dooz * Kooz * Spes™ (G = Co) (Eq. S7)
d

where C; and C. are intercellular and chloroplastic €@oncentration (mol COm? air),
respectively. Given that the equation based on’&ickws can usually be applied to calculate
mesophyll conductance to G@iffusion @m, m s%)

A

(€ -C)) (5. 58)

Om =

and replacingd with Eq. S7,gmcorresponds to

* *
- Deoz* Keoz ™ Shes

m q (Eq. S9)
and
O - Deoz * Keon (Eg. S10)
Smes d

where the second term corresponds to permeatli§Q (m s*) from Intercellular Air Space to



chloroplasts in a liquid solution through cell wahd membranes (Nobel, 2009). In this term, d
is the path length for CO0 move from IAS to chloroplasts. In the presemidyg Thick,, is
considered a significant component of d, basecheretidence that the chloroplasts during the
light time are anchored against the cell membraaksgwhat directly face the IAS (Takagf al,
2009).

Vice-versa, QeJ/dm can be taken as a measure of the reciprocal ofgadgitity to CQ, i.e. of
diffusive resistance in the liquid phase, from A8 to chloroplasts. Note in this studyme3gm
was used, which has a very high correlation \@itigm, (estimated by Evaret al, 2009) due to

the high percentage of chloroplast covering thewells exposed to IAS.
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