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2bg (Chlorophyll A-B binding protein) 1 1 1 1 1 1 1 1 1 1 
2fb (Hypothetical protein) 1 0 1 1 1 1 1 0 1 1 
xiw (Magnesium-protoporphyrin IX 
methyltransferase) 1 1 1 1 1 1 1 1 1 1 
xkc (GDT1-like membrane protein) 1 1 0 0 0 0 0 0 1 0 
xkf (SAM-dependent methyltransferases) 1 1 1 1 1 1 1 1 1 1 
xkm (Uroporphyrinogen decarboxylase) 1 1 1 1 1 1 1 1 1 1 
xlb (Malonyl-CoA:ACP transacylase) 1 1 0 0 1 1 1 1 1 0 
xsq (Thylakoid lumen 15kDa protein) 1 1 1 1 1 1 1 1 1 1 
2gk (Hypothetical protein) 1 1 1 1 1 1 1 1 1 1 
2ht (Putative Gun4 protein) 1 1 1 1 1 1 1 0 1 1 
2ek (Hypothetical protein) 1 1 0 1 1 1 1 1 1 1 
2fu (Hypothetical protein) 1 1 0 1 1 1 1 1 1 1 
2ev (ATP-dependent RNA helicase) 1 0 0 0 0 1 1 0 1 0 
xgl (coproporphyrinogen oxidase) 1 0 0 1 0 0 0 0 1 1 
xqm (Ubiquinol oxidase) 1 0 0 0 0 1 0 0 0 0 
xdz (Hypothetical protein) 1 0 0 0 1 0 1 0 1 1 
2af (Metallophosphoesterase) 0 1 0 1 1 1 0 0 0 1 
2da (Plastid lipid-associated protein/fibrillin ) 0 1 1 1 1 0 0 0 1 1 
2iq (Predicted unusual protein kinase) 0 1 1 0 1 0 0 0 0 1 
2iu (Delta 6-fatty acid desaturase/delta-8 
sphingolipid desaturase) 0 1 1 1 1 1 1 1 0 1 
2mh (fructose-bisphosphate aldolase) 0 1 1 1 1 1 1 1 1 1 
7ah (Cycloeucalenol cycloisomerase) 0 1 1 1 1 1 1 1 0 1 
xdk (Ferredoxin-NADP oxidoreductase) 0 1 0 1 1 1 1 1 1 1 
xie (Uncharacterized enzymes related to 
aldose 1-epimerase) 0 1 1 1 1 1 1 1 1 1 
xik (Glucose/ribitol dehydrogenase) 0 1 1 1 1 1 1 1 1 1 
xkt (Ribose-5-phosphate isomerase) 0 1 0 0 1 1 1 1 0 0 
xps (Glutaredoxin) 0 1 1 1 1 0 0 0 1 1 
2cz (Uncharacterized membrane protein, 
predicted efflux pump) 0 1 1 1 1 1 1 1 0 1 
xmm (3-isopropylmalate dehydratase) 0 1 1 0 1 1 1 1 0 1 
2he (Hypothetical protein) 0 1 0 1 0 0 0 0 0 0 
2kl (Protochlorophyllide reductase A) 0 1 0 1 1 0 0 0 0 1 
xcr (Hypothetical protein) 0 1 0 0 0 0 0 0 0 1 
xen (6-phosphogluconolactonase) 0 1 0 0 1 0 0 0 1 0 
2ml (Hypothetical protein) 0 1 0 1 0 0 0 0 0 0 
xdd (Hypothetical protein) 0 1 0 0 0 1 0 0 0 0 
xny (Hypothetical protein) 0 1 0 0 1 1 0 0 0 0 
2cd (Hypothetical protein) 0 0 1 1 1 1 0 0 0 1 
2cg (Glutaredoxin and related proteins) 0 0 1 1 1 0 0 0 1 1 
2rd (Probable plastid-lipid-associated protein) 0 0 1 1 0 0 0 0 0 0 
xoz (Hypothetical protein) 0 0 0 0 1 1 0 1 0 1 
xom (Hypothetical protein) 0 0 0 1 1 1 0 1 1 1 
2hv (Peptidase S1) 0 0 0 0 0 1 0 1 0 0 
xqh (Hypothetical protein) 0 0 0 1 0 1 0 0 0 1 
2cj (Glutathione S-transferase) 0 0 0 0 0 1 0 1 1 0 
2ed (Hypothetical protein) 0 0 0 0 1 1 0 0 1 1 
2ew (Predicted dehydrogenase) 0 0 0 1 1 1 1 1 0 0 
2it (Hypothetical protein) 0 0 0 1 0 1 1 1 0 0 
xlz (Defense-related protein containing SCP 
domain) 0 0 0 0 0 0 1 1 0 0 
2ii (Hypothetical protein) 0 0 0 0 0 0 0 0 1 1 
3aw (Hypothetical protein) 0 0 0 0 0 0 0 0 1 1 
xke (Bacteriochlorophyll/chlorophyll 
synthetase) 0 1 0 0 0 0 0 0 0 0 
xkn (Glutamate-1-semialdehyde 2,1-
aminomutase (GSA)) 0 1 0 0 0 0 0 0 0 0 
3bb (Hypothetical protein) 0 1 0 0 0 0 0 0 0 0 
xeq (Violaxanthin de-epoxidase) 0 1 0 0 0 0 0 0 0 0 
2lu (Cobalamin synthesis protein) 0 0 1 0 0 0 0 0 0 0 
xat (Hypothetical protein) 0 0 1 0 0 0 0 0 0 0 
2ah (Hypothetical protein) 0 0 0 1 0 0 0 0 0 0 
xmk (DAHP synthetase, class II) 0 0 0 0 1 0 0 0 0 0 
2lo (Hypothetical protein) 0 0 0 0 0 1 0 0 0 0 
2oi (Hypothetical protein) 0 0 0 0 0 1 0 0 0 0 
xnb (Hypothetical protein) 0 0 0 0 0 0 1 0 0 0 
2ct (Na+-independent Cl/HCO3 exchanger AE1 
and related transporters (SLC4 family)) 0 0 0 0 0 0 0 0 1 0 
2ir (Peptide methionine sulfoxide reductase) 0 0 0 0 0 0 0 0 1 0 
xbf (Alcohol dehydrogenase, class III) 0 0 0 0 0 0 0 0 1 0 
xcv (Pheophytinase, Plastidic) 0 0 0 0 0 0 0 0 1 0 
2jx (fucoxanthin chlorophyll a/c protein) 0 0 0 0 0 0 0 0 0 1 
2ls (Predicted membrane protein) 0 0 0 0 0 0 0 0 0 1 

A- All green lineages 
(16) 

B- All chlorophytes 
(20) 

C- All chlorophytes  
exc. Prasinoderma (3) 

D- Mamiellophytes 
and core 
chlorophytes (6) 

E- Mamiellophytes 
(3) 

F- Core chlorophytes 
(2) 

Specific chlorophyte 
sub-categories (18) 

Fig.4- figure supplement 2. Heatmaps of nearest sister-groups of ancestral HPPGs of 
verified green origin. This figure shows the specific topologies of single gene trees for HPPGs 
verified to be of green origin by combined BLAST and phylogenetic analysis. Panel A shows a 
reference topology of evolutionary relationships between green lineages, defined as per Leliaert 
et al. 2011. Six ancestral nodes  that might correspond to the origin point of ochrophyte HPPGs 
are labelled with coloured boxes. Panel B shows the presence and absence of each green sub-
category in the immediate sister-group to the ochrophyte HPPG in each single tree of HPPGs of 
verified origin. HPPGs are grouped by the inferred origin point within the green algae, with the 
number of HPPGs identified for each origin point given with round brackets. 
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