Supplemental Figures and Tables

Supplemental Figure S1. Phylogenetic analysis of GPDH family proteins from Chlamydomonas reinhardtii
(Cr), Dunaliella viridis (Dv) and Saccharomyces cerevisiae (Sc). Sequences indicated with an asterisk
possess an N-terminal HAD/SerB domain. Sequences indicated with ‘CP’ are experimentally confirmed to be
chloroplast localized (for DvGPDH1 and DvGPDH2) or possess a predicted chloroplast transit peptide as
determined by PredAlgo. The genome ID of sequences used are: CrGPD1 (Cre12.g511150), CrGPD2
(Cre01.g053000), CrGPD3 (Cre01.g053150), CrGPD4 (Cre10.g421700), CrGPD5 (Cre09.g387763),
DvGPDH1 (EU624406), DvGPDH2 (EU624407), ScGPD1 (YDL022W), ScGPD2 (YOL059W). The tree was
constructed using the maximum likelihood RAxML method and derived from alignments of full length amino
acid sequence. Bootstrap percentage values from 1000 replications are indicated at the nodes of branches.
The branch length scale bar indicates the evolutionary distance equivalent to 0.4 amino acid substitution per
site.
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Supplemental Figure S2. Amino acid sequence alignment of C. reinhardtii GPD2 and GPD3. Sequence
alignment of full length GPD2 and GPD3 amino acid sequences was performed using Clustal Omega.
Shading was performed by Boxshade. Black shading denotes identical residues and gray shading denotes
similar residues. The GPDH domain is highlighted by a red box and the HAD/SerB domain is highlighted by
a green box. The conserved GxGxxG motif of NADH-dependent GPDH enzymes is highlighted by a blue
box. The GPD2 chloroplast transit peptide region, which was removed in the GPD2-tp-truc construct, is
highlighted by an orange box.
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Supplemental Figure S3. Metabolite profiling of gpd2 and gpd3 knockdown lines by FT-IR spectroscopy.
-1
Mean FT-IR spectra (wavenumbers 4000 – 600 cm ) following EMSC2 normalization, generated from
replicate spectra obtained from CC-4351 cw15 wild type (WT) and pChlamiRNA (pCh) empty vector
transformed CC-4351, and gpd2 and gpd3 knockdown lines. Spectra were obtained from cells grown after 7
d under P replete (High P) and P starvation (Low P) conditions. Band peaks which are assigned to ʋCH 2 of
-1
-1
-1
fatty acids (2920 cm ), ʋCH3 of fatty acids (2852 cm ), and ʋC=O of lipids (1745 cm ) are indicated by
arrows.
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Supplemental Figure S4. Lipid relative abundance of gpd2 and gpd3 knockdown lines by FT-IR
spectroscopy. A and B, Lipid content determined from FT-IR spectra peak height measurement of the ʋC=O
-1
-1
of lipids (1745 cm ) band (A) and the ʋCH3 of fatty acids (2852 cm ) band (B) and determined as a ratio with
-1
the amide I band (1655 cm ). Triplicate FT-IR spectra were obtained from CC-4351 cw15 wild type (WT) and
pChlamiRNA (pCh) empty vector transformed CC-4351, and gpd2 and gpd3 knockdown lines grown under P
replete (High P) and P starvation (Low P) conditions. All samples were collected after 7 d of growth. Each
data point represents the mean ±SE. Asterisks indicate significant difference (* = P < 0.05; ** = P < 0.01)
compared to wild type as determined by one-way ANOVA.
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Supplemental Figure S5. Cell density and starch accumulation in gpd2 and gpd3 knockdown lines. A and
B, Cell density measurement over time (A) and starch concentration determined on the basis of fresh weight
biomass (B) from triplicate cultures of CC-4351 cw15 wild type (WT) and pChlamiRNA (pCh) empty vector
transformed CC-4351, and gpd2 and gpd3 knockdown lines, grown under P replete (High P) and P
starvation (Low P) conditions. Each data point represents the mean ±SE. None of the knockdown lines data
were significantly different (all P > 0.05) compared to wild type as determined by one-way ANOVA.
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Supplemental Figure S6. Multivariate statistical clustering of FT-IR spectra from gpd2 and gpd3 knockdown
lines. Principal Component Analysis (PCA) of triplicate FT-IR spectra obtained from control strains: CC-4351
cw15 wild type (WT) and pChlamiRNA (pCh) empty vector transformed CC-4351, and gpd2 and gpd3
knockdown lines. A, PCA scores plot of spectra obtained from cells grown after 7 d under P replete (High P)
conditions. B, PCA scores plot of spectra obtained from cells grown after 7 d under P starvation (Low P)
conditions. C and D, PC loading plots corresponding to the Low P scores plot in panel B. C, PC1 Low P
loading plot. D, PC2 Low P loading plot. Band peaks which explain most of the variation for each PC are
-1
-1
highlighted with the following symbols: a, ʋCH2 of fatty acids (2920 cm ); b, ʋCH3 of fatty acids (2852 cm );
-1
-1
-1
c, ʋC=O of lipids (1745 cm ); d, ʋC=O of amide I (1655 cm ); e, δN-H of amide II (1545 cm ); f, ʋC–O–C of
-1
carbohydrates (1036 cm ).
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Supplemental Figure S7. Multivariate statistical clustering of FT-IR spectra from GPD2 and GPD3 overexpression lines. Principal Component Analysis (PCA) of triplicate FT-IR spectra obtained from CC-48 wild
type (WT) and GPD2-OE and GPD3-OE lines grown after 7 d (for GPD2-OE lines) or 11 d (for GPD3-OE
lines) under P replete conditions (HP) and P starvation conditions (LP). A and B, PCA scores plot of spectra
obtained from GPD2-OE cells (A) and GPD3-OE cells (B). C and D, PC loading plots corresponding to the
GPD2-OE scores plot (C) and the GPD3-OE scores plot (D). Band peaks which explain most of the variation
-1
for PC1 are highlighted with the following symbols: a, ʋC=O of amide I (1655 cm ); b, δN-H of amide II
-1
-1
(1545 cm ); c, ʋC–O–C of carbohydrates (1036 cm ).
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Supplemental Figure S8. Lipid relative abundance of GPD2 and GPD3 over-expression lines by FT-IR
spectroscopy. A and B, Lipid content determined from triplicate FT-IR spectra peak height measurement of
-1
-1
the ʋC=O of lipids (1745 cm ) band (A) and the ʋCH3 of fatty acids (2852 cm ) band (B) and determined as
-1
a ratio with the amide I band (1655 cm ). Samples were measured from CC-48 wild type, and GPD2-OE and
GPD3-OE lines, grown under P replete (High P) and P starvation (Low P) conditions after 7 d (for GPD2-OE
lines) and 11 d (for GPD3-OE lines). Each data point represents the mean ±SE. Asterisks indicate significant
difference (* = P < 0.05; ** = P < 0.01) compared to wild type within each treatment as determined by oneway ANOVA.
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Supplemental Table S1. PCR primers used in this study.
Primer name

Primer sequence (5 - 3)

GPD1 F

CTGCATGAAAACACGCGCTA

GPD1 R

AGGAAGGCTCGGGATGACT

GPD2-Y F

AAAAGGATCCATGATGCTGTCAGCCGC (BamHI site underlined)

GPD2-Y R

AAAATCTAGATTACACGCTGTTGCTGGC (XbaI site underlined)

GPD3-Y F

AAAAGGATCCATGCCAACAGAGGTGGAACA (BamHI site underlined)

GPD3-Y R

AAAATCTAGATTACACGCTGTTGCTGGC (XbaI site underlined)

GPD2-tp-trunc F

AAAAGGATCCATGCCCAGCGCCGTCTTC (BamHI site underlined)

GPD2-tp-trunc R

AAAATCTAGATTACACGCTGTTGCTGGC (XbaI site underlined)

GPD2-C F

AAAAGCTAGCATGATGCTGTCAGGCCGC (NheI site underlined)

GPD2-C R

AAAAGAATTCTTACACGCTGTTGCTGGC (EcoRI site underlined)

GPD3-C F

AAAAGCTAGCATGCCAACAGAGGTGGAACA (NheI site underlined)

GPD3-C R

AAAAGAATTCTTACACGCTGTTGCTGGC (EcoRI site underlined)

GPD1 qPCR F

CTGCATGAAAACACGCGCTA

GPD1 qPCR R

AGGAAGGCTCGGGATGACT

GPD2 qPCR F

CAATGGGTGCTGTGATACCG

GPD2 qPCR R

CATGCCATGCTAACTCCGTC

GPD3 qPCR F

CAATTGAGAGCGCCGTGG

GPD3 qPCR R

GTGAACAGCGGGTACTTGC

GPD4 qPCR F

GCCAGTGTTGCCAAGTGTTTC

GPD4 qPCR R

GTCCTCTTTGCGCGTTGAAT

GPD5 qPCR F

AGTCTTGACAGCCTGGAGAC

GPD5 qPCR R

AGCTCCTCATCCTTGGCTG

CBLP qPCR F

CTTCTCGCCCATGACCAC

CBLP qPCR R

CCCACCAGGTTGTTCTTCAG

18S qPCR F

CCTGCGGCTTAATTTGACTC

18S qPCR R

ACCGGAATCAACCTGACAAG
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Supplemental Table S2. Oligonucleotide sequences used for amiRNA plasmid generation. Uppercase
letters indicate the amiRNA*/amiRNA sequences.
Oligo name

Oligo sequence (5 - 3)

GPD2 amiFOR

ctagtTACATACGAGATTACTGCCGGtctcgctgatcggcaccatgggggtggtggtgatcagcgcta
CCGGGAGTAATCTCGTATGTAg

GPD2 amiREV

ctagcTACATACGAGATTACTCCCGGtagcgctgatcaccaccacccccatggtgccgatcagcga
gaCCGGCAGTAATCTCGTATGTAa

GPD3 amiFOR

ctagtTATTACGCAGTCGAATGCCCGtctcgctgatcggcaccatgggggtggtggtgatcagcgct
aCGGGGATTCGACTGCGTAATAg

GPD3 amiREV

ctagcTATTACGCAGTCGAATCCCCGtagcgctgatcaccaccacccccatggtgccgatcagcga
gaCGGGCATTCGACTGCGTAATAa
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