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Supplementary Methods

Modeling light attenuation within the cell
To obtain Fpp,, we consider the effect of light attenuation within the cell, which is described by
the following equation based on Beers’ Law (1):

[ =1,e FcnChlz [eq. S1]
where / is local light intensity, /o is source light intensity, kca is extinction coefficient per
chlorophyll, Chl is chlorophyll concentration and Z is the path length within the cell. We
assumed the same chlorophyll content per cell across taxa as represented by the following
equation:

Yyp, QNon-diatom

Chl = 7

where Y,y is a chlorophyll conversion factor and QY°m~4iatom i 3 cellular C quota of non-

[eq. S2]

diatoms. We consider the spherical cellular shape and uniform distribution of chlorophyll within
the cell. Once we obtain / at each point within the cell, we obtain local photosynthesis rate within
the cell following a commonly used saturating relationship (2—4):

FEt = FE ax(1—e™411) [eq. S3]



where F5 is photosynthesis rate per chlorophyll, F, ,f,%‘max is the maximum photosynthesis rate

per chlorophyll, 4; is a light harvesting coefficient, representing the combination of handling
time and absorption cross-section. Then, we integrate the local rate of photosynthesis to the

cellular level:

Fopy = f FEM. Chl dv [eq. S4]
\%4
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Fig. S1 Locations of Tara Oceans stations and total metatranscriptomic reads assigned to

diatoms (5, 6).
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Fig. S2 Simulated fate of C (Cr) for various growth rates under nutrient repletion for diatom
with doubled Si composition. The inset shows C cost for silica deposition in a different y axis
range to make it visible.
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Fig. S3 Simulated effect of C excretion on nutrient replete growth rate (1) — cell volume (V)
relationship. The solid curves show the default simulation (as in Fig. 2) and the dashed curves
show the simulation with C excretion (here 10% of total fixed C).



Table S1 Parameters, units and definitions

Parameter Definition Unit
Qc Cellular C quota mol C cell’!
t time t
Foho C fixation rate per cell mol C cell! d!
U Growth rate d!
E, Growth cost factor -
Eg; Si accumulation cost factor -
Ac Cellular C quota factor mol C pm?
/4 Cellular volume um cell”!
B¢ Cellular C quota power factor -
I Local light intensity pumol m? st
Iy Source light intensity pumol m?2 s™!
2
Kcn Extinction coefficient per chlorophyll (mol C in t: ﬁorophyll)‘l
Chl Chlorophyll concentration (mol € 1nu:nh_l30rophyll)
Yen Chlorophyll conversion factor (mol € goclh(lj(_)lr ophyll
QNon~—aiatom Cellular C quota of non-diatoms mol C cell”!
Z Path length pum
-1
FSh C fixation rate per chlorophyll (mol Crirlllotlslio(iophyll)'l
FChl Maximum C fixation rate per mol C d!
Phomax chlorophyll (mol C in chlorophyll)™!
A, Light harvesting coefficient pmol™! m? s
-: dimensionless



Table S2 Parameter values for diatoms

Parameter Value Unit
Common values
E, 16.91x10" -
2
9 pum
ke 4.9010 (mol C in chlorophyll)’!
Iy 2200 pumol m=2 s™!
x i mol C in chlorophyll
Yen 31,18 X102 ( e phyll)
-1
Chl % 102 mol Cd
Fpnomax 34910 (mol C in chlorophyll)"
A 48.63 X103 pumol! m? s
Diatom specific values
Ac 5240 X101 mol C pm’
B 58.11x10" -
Eg; 6272107 -
Non-diatom specific values
Ac 51.80X 1071 mol C pm?
B *59.39X10"! -
Eg; 0.00 -

*I Estimated with mass, electron and energy balance (7) with the suggested energy transfer
efficiency of 0.6 and stoichiometry of CsH702No.75 (note: Redfield C:N (8)) with NO3 as N

source.
*2 Typical light intensity that gives maximum growth rate for diatoms and other phytoplankton

9).

3* Typical Chl:C ratio of non-diatoms (10, 11).

4 Value from (4).

*> Value based on (12).

*¢ Product of molar Si:C ratio of 1.63 X 10! (maximum value from (13)) and C cost per Si uptake
of 1.67 X 107! (mol C mol Si'") (14). For the dashed curve in Fig. 2, this value (Ej;) is replaced by
6.45 X 107!, which represents the equivalent cost for biomass production (1+E ) for the same

weight of C as Si.
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