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Supplemental Notes 
S1. Lack of TALE TFs in Trebouxiophyceae 
Trebouxiophyceae is one of the four major radiations in Chlorophyta, and presents an exception 

to the universal presence of TALEs in Archaeplastida, where five annotated genomes are 

available from Chlorella sp. NC64A, Chlorella protothecoides, Asterochloris, Coccomyxa C-169, 

and Helicosporidium sp. (Blanc et al., 2010; Gao et al., 2014; Blanc et al., 2012; Foflonker et al., 

2015, Pombert et al., 2014). Additional searches in seven other draft genomes did not recover 

TALE sequences (S1 Spreadsheet), albeit other homeobox genes were well conserved 

throughout the Trebouxiophycean species, which are grouped into HOXDDT, OCP3, HDZIP, 

and WOX classes that are reported in Chlorophyta (Wilhelmsson et al., 2017) (S6 

Spreadsheet). Hence all TALE genes were apparently lost early after the divergence of 

Trebouxiophyceae from other Chlorophyta algae.  

S2. Horizontal transfer may explain the presence of Rhodophyta TALE heterodimers in 
Picocystis and Klebsormidium of Viridiplantae 
Most Chlorophyta species possess one KNOX and two non-KNOX TALE sequences, but 

P.salinarum (CCMP1897) of the prasinophyte class VII, also known as Chloropicophyceae 

(Lopes Dos Santos et al., 2017), is exceptional, having two additional homeobox sequences of 

possible red algal origin in addition to the usual three TALE sequences (asterisks in Fig 2): 

Picsa_0325 has a KNOX-Red2-specific KN-C2 domain, and Picsa_04995 shows overall 24% 

identity to the red alga Chondrus crispus PBX-Red homolog (Chocr_41034) in its PBX domain 

and its upstream sequence (S4 Fig). We excluded the possibility of red-algal contamination in 

the analyzed MMETSP transcriptome by successful cloning of all five TALE sequences from our 

own DNA preps from single cell-derived colonies made from an axenic Picocystis CCMP1897 

culture. In a second exception, the charophyte K. flaccidum genome possesses six TALE 

sequences classified into distinct clades (plus signs in Fig 2), which include Klefl_00157_0150 

with KN-C2 and Klefl_00021_0250 which shows overall 16% identity to Chocr_41034 (S4 Fig). 

We propose that in both cases, these sequences may have been obtained from a red algal 

vector via horizontal transfer, which would have entailed the co-transfer of heterodimerizing TFs 



 

in two parallel events. KNOX-Red2 sequences are highly conserved, suggesting their recent 

origin in Rhodophyta followed by horizontal transfer to certain Viridiplantae species. 

We asked if the red-algal TALEs interact with the green-algal ones coexisting in P. salinarum. 

The KNOX-Red2 homolog (Picsa_0325) was found to interact with the two non-KNOX TALEs 

carrying different PBL domains but not with the non-KNOX without it (Class-B) (S10B Fig), 

indicating that heterodimerization entails an interaction between KN-A/KN-B and PBL domains. 

On the other hand, the KNOX-Chloro homolog (Picsa_04387) interacts with the GLX and Class-

B sequences, but not with the PBX-Red homolog containing a PBL domain (S10B Fig). This 

suggests that KNOX-Chloro proteins may have evolved an ability to distinguish multiple 

versions of PBL domains. In contrast, the KNOX-Red2 homolog displays broad-specificity 

interactions, reflecting its original Rhodophyta TALE configuration where only one PBX-Red 

class protein is present in the TALE heterodimerization network. 
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