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Figure S1. Phylogenetic assignment of photosymbionts from Amphistegina lobifera from the Red Sea, sampled at the Inter-University
Institute (IUI) for Marine Sciences in FEilat, Israel, at about 3 m depth, as well as reference symbiont sequences from A. lobifera from
Schmidt et al. (2016, labelled 'Uncultured eukaryote KX3565x"). Additionally, A. gibbosa and A. lessonii photosymbiont sequences
from Stuhr et al. (2018) and sequences of diatoms formerly described from large benthic foraminifera together with the other closely
related algae as identified by BLAST searches completed the dataset. Bootstrap support above 50% is given at the respective nodes
of the maximume-likelihood tree. All recovered symbiont sequences were found within the Fragilariales with a bootstrap support of

58%.
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Figure S2. Heatmap of differentially abundant proteins in Amphistegina lobifera and their photosymbionts in response to treatments
of elevated pCO:z (C =492 ppm, M =963 ppm, H = 3182 ppm) at 28°C or 31°C, where rows represent differentially abundant protein
(n=173) and columns represent biological replicates (n =3 per treatment). Proteins and replicates are clustered using average linkage
of log-transformed protein abundance values. Bars on the left show whether the protein was associated to: host = brown,
photosymbionts = green, or both = grey.
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Figure S3. Heatmap of differentially abundant proteins in photosymbionts of Amphistegina lobifera in response to treatments of
elevated pCO: (C =492 ppm, M = 963 ppm, H = 3182 ppm) at 28°C or 31°C, where rows represent differentially abundant proteins,
for which the first two GO terms given. Average protein abundances were log-transformed and clustered using average linkage.
Bold proteins were strongest regulated (GLM, g <0.05, Tukeys’ p <0.05, and log2FC >I11).



Supplementary materials, Stuhr et al. XXXX

o= | =T

N .
alpha-1,3/1,6-mannosyltransferase ALG2-like

calpain family cysteine protease containing protein

Chaperone protein

phytanoyl-CoA di peroxi k

ATP-dependent chaperone ClpB

60S ribosomal protein L5

CAMK/CDPK protein kinase

clathrin light chain-like

probable ATP-dependent RNA helicase ddx6

268 protease regulatory subunit 8 homolog A-like

ABC transporter family protein

adenylyl-sulfate kinase

NADH-ubiquinone oxidoreductase 75 kDa subunit, mitochondrial-like
ribonuclease P protein subunit p25-like

26S proteasome non-ATPase regulatory subunit 1 homolog A-like
sorting nexin 1

vacuolar ATP synthase subunit

ADP-ribosylation factor-like protein 8B

rab GDP dissociation inhibitor alpha

cytochrome ¢ oxidase assembly (SCO) family protein
oligosaccharyltransferase complex subunit gamma
ras-related protein Rab-7a-like

parag
Ras-related protein Rab-21

peroxiredoxin-1

ubiquitin carboxyl-terminal hydrolase 14

i ide-di subunit alpha

40S ribosomal protein $20
NADH-ubiquin >duc
oligopeptidase B

aldo/keto reductase
Cullin-associated NEDD8-dissociated protein 1

4 kDa subunit

Guanine nucleotide-binding protein G(q) subunit alpha
putative glyoxalase |

GTPase HRas

hypothetical protein RFI_01644, partial

synaptobrevin domain-containing protein

COP?9 signalosome complex subunit 5
hypothetical protein RFI_32787, partial/Vi
Ubiquitin carboxyl-terminal hydrolase family protein
vesicle-fusing ATPase, putative

DsrE family protein

mitochondrial carrier family

NEDD8-activating enzyme E1 regulatory subunit-like
tartrate-resistant acid phosphatase type 5
Long-chain-fatty-acid--CoA ligase ACSBG2

2,3-diphospl pendent phospt mutase
proteasome subunit beta type-6
mitochondrial dicar (
T-complex protein 1 subunit alpha
vacuolar protein sorting-associated protein 26B-like
CBS-domain-containing protein
fructose-1,6-bisphosphatase, cytosolic

ras-related protein Rab-5C

V-type ATPase, A subunit

V-type proton ATPase subunit B

V-type proton ATPase subunit d 2

glutathione S-transferase

6-phosphogluconate dehydrogenase, decarboxylating 3
Proteasome subunit alpha type-3

ras-related protein Ral-a

V-type proton ATPase subunit E

hypothetical protein 2

265 protease regulatory subunit 10b

dynein light chain roadblock-type 2

Guanine nucleotide-binding protein subunit beta-
Autophagy-related protein 3

dynein heavy chain

RING zinc finger-containing protein

late transporter DTC

P:oxidation-reduction process
P:cellular metabolic process
F:peptidase activity
F:binding
P:fatty acid alpha-oxidation
P:response to heat
P:translation
P:protein phosphorylation
C:endomembrane system

ic mRNA p ing body

“cy
P:proteolysis
P:fatty acid biosynthetic process

P:sulfur amino acid metabolic process
P:oxidation-reduction process

F:RNA binding

C:proteasome complex
F:phosphatidylinositol binding

P:ion transport

P:cellular process

P:regulation of catalytic activity
Prrespiratory chain complex IV assembly
F:lipid binding

P:endosome to lysosome transport
P:cellular amino acid biosynthetic process
Piintracellular protein transport
P:response to oxidative stress

P:proteolysis

P:DNA replication

P:translation
P:mitochondrial €
F:peptidase activity
F:oxidoreductase activity
P:SCF complex assembly
P:primary metabolic process
P:skeletal system development
F:lyase activity

P:signal transduction

t, NADH to ubiquinone

P:vesicle fusion
F:peptidase activity

F:cysteine-type peptidase activity
P:protein transport

P:transport
C:cellular anatomical entity

F:CoA-ligase acti
P:glycolytic process

P:proteolysis involved in cellular protein catabolic process
P:dicarboxylic acid transport

P:protein folding

Puintracellular protein transport

C:membrane

P:sucrose biosynthetic process

F:GTPase activity

P:ATP metabolic process

P:response to hypoxia

P:ion transport

P:glutathione metabolic process

P:pentose-phosphate shunt, oxidative branch

P:proteasomal ubiquitin-independent protein catabolic process
P:signal transduction

F:proton transmembrane transporter activity

ty

P:protein peptidyl-prolyl isomerization
P:microtubule-based movement

P:regulation of cellular protein metabolic process
P:autophagy

P:microtubule-based process

s

cytochrome b-c1 complex subunit Rieske, mi fal-lik
cytochrome ¢ oxidase subunit 5b-1, mitochondrial

tubulin alpha-3 chain b

dihydroli i idue

60S acidic ribosomal protein P0-like

subunit alpha
proteasome regulatory component
NADH 1 P 1, ial

P:electron transport chain
P:cytoskeleton organization
P:pyruvate metabolic process
Piribosome biogenesis
F:catalytic activity
P:regulation of catalytic activity

fatty acyl-CoA synthetase
chaperonin Cpn60/TCP-1 family
eukaryotic initiation factor 4E
cytosolic thioredoxin Trx1
T-complex protein 1 subunit eta
tubulin alpha-3 chain
Cull NEDD! protein 1b
ras-related protein RABB1c
Proteasome subunit alpha type-4-3
peroxiredoxin
putative endoplasmin
Rab GTPase
ubiquitin-conjugating enzyme variant MMS2
ras-related protein RABC1
guanine nucleotide-binding protein subunit beta-like protein
hypothetical protein RFI_36204, partial
60S ribosomal protein L9-like
ydrog [NADP], ial
probable ial-f o subunit beta
Endoplasmin
putative prohibitin
prohibitin-3, mitochondrial
>-energized va

olar membrane proton pump 1-like
aldolase 6, cy |

dual function enzyme: UDP-glucose 4-epimerase
glycoprotein FP21 precursor

hypothetical protein RFI_32905

Ras-related C3 botulinum toxin substrate 1

60S ribosomal protein L12

hypothetical protein 1

hypothetical protein 3

molecular chaperone Dank / Hsp70

UDP-glucose 4-epimerase GalE

ial electron transport, NADH to ubiquinone
P:organic substance metabolic process

F:nucleotide binding

P:translational initiation

P:sulfate assimilation

P:protein folding

P:cytoskeleton organization

C:cellular anatomical entity

F:GTPase activity

P:proteolysis involved in cellular protein catabolic process
P:oxidation-reduction process

P:protein folding

P:vesicle docking involved in exocytosis

P:nitrogen compound metabolic process

F:GTPase activity

F:acting on the aldehyde or oxo group of donors
P:primary metabolic process

-oxobutyrate catabolic process
:protein metabolic process
ructural constituent of ribosome
rotein kinase activity
C:membrane
P:stress granule assembly
P:protein catabolic process
:fatty acid beta-oxidation
ulfate assimilation via adenylyl sulfate reductic
F:oxidoreductase activity, acting on NAD(P)

C:cellular anatomical entity
C:endosome

P:transmembrane transport

F:GTP binding

DP-dissociation inhibitor activity
lembrane

-ansferase activity
hagosome-lysosome fusion
P:alpha-amino acid metabolic process

P:cellular protein metabolic process
eoxyribonucleotide biosynthetic process

F:RNA binding

r binding

rotein ubiquitination
arboxylic acid catabolic process

ction potential

lembrane

P:regulation of anatomical structure morphogene

P:endosome to lysosome transport

C:cellular anatomical entity
P:SNARE complex disassembly

C:cytoplasm

P:transport

F:peptidase activity

icarboxylic acid transmembrane transport
:ATP binding

Cintegral component of membrane
P:fructose metabolic process

TP binding

roton transmembrane transport

P:ionotropic glutamate receptor signaling pathway
roton transmembrane transport

F:glutathione transferase activity

-gluconate catabolic process

P:protein catabolic process

P:intracellular signal transduction
F:ATPase-coupled cation transmembrane transport

biquitin-dependent ERAD pathway
otor activity

F:enzyme binding

C:cytoplasm

:binding

P:proton transmembrane transport

icrotubule-based process

Fitransferase activity, transferring acyl groups
:ribosome

F:enzyme regulator activity
etermination of adult lifespan
oA-ligase activity

Cicytoplasm

F:translation initiation factor activity
P:hydrogen peroxide catabolic proce:
F:ATP binding

P:microtubule-based process

F:GTP binding

F:peptidase activity

ellular oxidant detoxification
F:ATP binding

P:protein secretion

P:primary metabolic process
F:GTP binding

p ion of protein y

C:membrane
P:tricarboxylic acid cycle
F:catalytic activity
P:response to stress
P:cellular pro
C:mitochondrial inner membrane
F:hydrolase activity
P:gluconeogenesis
F:isomerase activity

protein ic process

P:actin filament organization
i large subunit

P:cellular response to unfolded protein

P:carbohydrate metabolic process

of

ocitrate metabolic process
:metal ion binding 7.9
P:response to abiotic stimulus

Cimitochondrial inner membrane 89

- . 99
C:membrane
P:glycolytic process 11.0
12.0
13.0
ignal transduction 13.7
anslation
14.3
14.9
P:protein refold
protein refolding 156
Fisomerase activity 16.2

Figure S4. Heatmap of differentially abundant proteins of the host foraminifera Amphistegina lobifera in response to treatments of
elevated pCO2 (C =492 ppm, M =963 ppm, H = 3182 ppm) at 28°C or 31°C, where rows represent differentially abundant proteins,
for which the first two GO terms are given. Average protein abundances were log-transformed and clustered using average linkage.
Bold proteins were strongest regulated (GLM, g <0.05, Tukeys’ p <0.05, and log2FC >111).
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Figure S5. Principal component analysis biplot of differentially abundant proteins in (a) photosymbionts and (b) foraminiferal host
of Amphistegina lobifera in response to treatments of elevated pCO2 (C = 492 ppm, M = 963 ppm, H = 3182 ppm) at 28°C or 31°C,
indicating associated groups of protein functions or processes. Corners of triangles indicate triplicate samples of the treatments, dots
indicate proteins as variables. The respective protein names are given in Figure Sé6.
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Figure S6. Principal component analysis biplot of differentially abundant proteins in (a) photosymbionts and (b) foraminiferal host
of Amphistegina lobifera in response to treatments of elevated pCO2 (C =492 ppm, M =963 ppm, H = 3182 ppm) at 28°C or 31°C (legend
as in Figure S5). Corners of triangles indicate triplicate samples of the treatments, dots indicate proteins with descriptions as variables.
Bold proteins were strongest regulated (GLM, g <0.05, Tukeys’ p <0.05, and log2FC >I11).
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Figure S7. Number of regulated proteins (i.e. DAP with Tukeys’ p <0.05 and log2FC >111) in A. lobifera hosts (brown) and symbionts
(green), which were either significantly up- or downregulated (Tables 3, 4 and S6), comparing all treatments with each other.

Contrasts are shown by groups of main effects of pCO, temperature or both.
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Figure S8. Bar plots showing the number of gene ontology term hits of solely (a) pCO:z- and (b) temperature-regulated proteins
(Figure S7) in Amphistegina lobifera host foraminifera (red) and photosymbiotic diatoms (purple) grouped by 3rd level GO terms for
biological process, molecular functions and cellular components for selected categories with >2 hits (Tables 3, 4 and S6).
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Table S1. Additional data for mean chemical conditions with standard deviations of treatments of elevated pCO: (C =492 ppm, M =
963 ppm, H = 3182 ppm) crossed with 28°C and 31°C over the eight-week experiment. Salinity (Sal) and pH on NBS scale (pHxss) in
each of the replicate tanks (n =4). Carbonate system parameters (carbonate ion concentration = [COs%*], bicarbonate ion concentration
= [HCOs1], dissolved CO2 = [COz]sw) were calculated from weekly measurement of TA, DIC, salinity, and temperature (n = 8).

Sal [COs2] [HCOs] [CO:2]lsw
Treatment (psu) pHnxss (uM) (uM) (uM)

C28 35.05£0.69 827+0.10 340+72 2133+179 13+2
C31 35.75+£0.73 824+0.08 294+71 2042+231 12=z+1
M28 35.54+£0.56 8.04+0.10 232+120 2394+291 26+4
M31 3598+0.59 8.12+0.10 262+39 2480+170 23+3
H28 3579052 7.63+0.11 88+22 2703+426 80+21
H31 3576 0.6 7.69+010 112+29 3040+280 85+21

Table S2. Results of nominal logistic models for the frequencies of test breakage and mortality (empty tests) on Amphistegina lobifera
exposed to elevated pCO2 (C =492 ppm, M =963 ppm, H = 3182 ppm) crossed with temperature (T) of 28°C and 31°C for eight weeks.
Bold values indicate significant effects (p < 0.05).Marginally significant variations between (groups of) treatments are indicated in
grey (0.07 > p-value > 0.05).

Parameter Effect DF x> p-value
Mortality T 1 0.503 0.478
pCO; 2 0.606 0.739
pCO,x T 2 3.982 0.136
Breakage T 1 0.557 0.456
pCO; 2 0.988 0.610
pCO,x T 2 5.575

Table S3. Permutational multivariate anaylsis results for A[H*] between seawater and the test surface of Amphistegina lobifera for the
fixed effects of pCO2 (C =492 ppm, M = 963 ppm, H = 3182 ppm) and temperature (28°C, 31°C), or light/dark condition (left side),
with bold values indicating significant effects (p < 0.05); and significant adjusted p-values of pairwise comparison of all A[H*] at and
FDR of 0.1.

Effect DF MS F Pr(>F) | Contrasting treatment combinations  p-adj.
pCO2 2 5.033e31 6.952 0.003 H31 light M31 dark 0.0017
T 1 1.339e30 0.185 0.664 H31 light C31dark 0.0017
pCOxT 1 -5.211e29 -0.072 0.422 H31 light C28 dark 0.0017
Light/dark 1 2.82e32 5207 0.021 H31 light C31 light 0.0017
H31 light M31 light 0.0066

H31 light C28 light 0.0066

H31 light H28 dark 0.0066

H31 light M28 light 0.0066

H31 light H31 dark 0.0117

H31 light M28 dark 0.0165

H31 light H28 light 0.0618

H28 light M31 dark 0.0957
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Table S4. Results of two-factorial analysis of variance (ANOVA) of the measured physiological parameters of Amphistegina lobifera
and its photosymbionts exposed to elevated pCO2 (C =492 ppm, M =963 ppm, H = 3182 ppm) crossed with temperature (T) of 28°C
and 31°C for eight weeks. Bold values indicate significant effects (p < 0.05). For significant effects, the analysis was followed by
Tukeys” HSD post-hoc test for comparison of differences. Respective p-values of significant post-hoc results are given in brackets.
Only marginally significant variations between (groups of) treatments are indicated in grey (0.07 > p-value > 0.05).

Parameter Effect DF MS F-ratio p-value post-hoc test summary
Chla T 1 0.017 0.630 0.438
pCO2 2 0.001 0.050 0.951
pCO2x T 2 0.000 0.015 0.985
L* T 1 3.896 0.094 0.763
pCO:2 2 2.443 0.059 0.943
pCO2x T 2 49.191 1.183 0.329
a* T 1 5.802 0.542 0.471
pCO2 2 4.555 0.425 0.660
pCO2x T 2 2.738 0.256 0.777
b* T 1 0.683 0.096 0.760
pCO:2 2 27.530 3.867 0.040
pCO2x T 2 9.043 1.270 0.305
Growth rate T 1 0.008 5.029 0.038 28 > 31 (0.038)

pCO2 2 0.002 1.200 0.324
pCO2x T 2 0.003 1.928 0.174
Pore size T 1 0.951 0.375 0.542
pCO:2 2 5.820 2.295 0.108

pCO2x T 2 11.396 4.493 0.015 C31 >M31 (0.030), H31 (0.040)

Tables S5 and S6 are provided as Excel file in the electronic supplementary materials.

Table S7. Number of DAPs in Amphistegina lobifera between two treatments of elevated pCO: (C =492 ppm, M = 963 ppm, H =3182
ppm) at 28°C and 31°C, without the control treatment C28. Values in the upper right half (white, 193 in total) represent host-associated
proteins and values in the lower left half (grey, 97 in total) represent symbiont-associated proteins. Nine DAPs were assigned to both
compartments and are indicated as subscript * next to photosymbiont DAPs. Respective protein descriptions with annotated gene
ontologies are provided in Table S6.

C31 | M28 | M31 | H28 | H31

C31 10 | 32 | 17 1

M28 | 5 28 8 15
M31|11* | 19 30 | 32
H28 | 5* | 31 | 11* 20

H31 | 5% | 142 | 18" | 6*°
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