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Figure S1: GC content of de novo assembled transcripts before and after 
PSyTrans treatment. (a) An apparent feature of Symbiodinium transcripts is that 
their GC content is higher than those from corals. Therefore, the GC content appears 
as a bimodal distribution from total RNA transcripts. (b) After PSyTrans separation, 
GC contents showed normal distributions from both coral and Symbiodinium 
transcripts.  
 



 
Figure S2: GC content of mitochondrial genomes. Black stars represent 
sequences obtained from the NCBI nucleotide database. Stars in the green box 
represent robust corals, and stars in the brown box represent complex corals. Blue 
triangles represent the two robust corals (Fungia and Goniastrea), and red 
pentagons represent the four complex corals (A.digitifera, A.millepora, Galaxea and 
Porites) used in the present study.    
 

 
  
Figure S3: Consensus phylogenetic trees estimated from GN model with node 
support. The tree topology was firstly generated for Nematostella, Galaxea, 
A.digitifera and Fungia. Nematostella was used as an outgroup to indicate the root 
position for corals. The relative positions of Goniastrea (a) and Porites (b) to the four 
species were inferred separately. The percentages show node support based on the 
likelihood weights method described in Holland et al. 2006 [107].     
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Figure S4: Comparison of consensus phylogenetic trees for the eight cnidarian 
species which are the focus of comparative analyses, estimated from the GN 
(A) and AA (B) models. Branch lengths of the GN-based tree were estimated from 
91 protein coding sequence alignments, and node support values are shown in 
Figure S3. Protein alignments from the same 91 one-to-one orthologous genes were 
used to generate the AA-based tree. The partition model implemented in IQ-TREE 
was applied. Node support values (shown as percentages) were obtained from 1000 
UFboot replicates. 
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Figure S5: Phylogenetic relationships among HOX-related genes in corals and 
anemones. All genes are coloured according to species. Clades were identified and 
labelled according to the presence of sequences previously classified by Chourrout et 
al. 2006, Baumgarten et al. 2015 [19, 39]. Model (LG+G4) was selected as the best 
model. Node labels show support as a percentage of 1000 UFboot replicates. All node 
branch lengths less than 1E-5 were collapsed to polytomies. Sequences on which the 
tree was based are summarised in Additional file 2: Table S13 and provided in 
additional file 4. 
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Figure S6: Heatmap showing relative counts of genes that displayed significant 
differences between corals and sea anemones. To obtain relative counts raw 
counts were centered and scaled for each row using the R function, scale. Included 
domains are those that differed significantly (FDR = 0.01 based on a Fisher’s exact 
test) between anemones (Nematostella and Aiptasia) and corals (all other species). 
See Additional file 2: Table S15 for details of test statistics. 

A.digitifera

A.m
illepora

G
alaxea

Porites

Fungia

G
oniastrea

Nem
atostella

Aiptasia

Peptidase_A17: Pao retrotransposon peptidase
Asp_protease_2: Aspartyl protease
rve: Integrase core domain
Exo_endo_phos: Endonuclease/Exonuclease/phosphatase family
Exo_endo_phos_2: Endonuclease−reverse transcriptase
DUF4218: Domain of unknown function (DUF4218)
DDE_3: DDE superfamily endonuclease
Ribonuc_2−5A: Ribonuclease 2−5A
RNase_H: RNase H
Spectrin: Spectrin repeat
RVT_1: Reverse transcriptase (RNA−dependent DNA polymerase)
RVP: Retroviral aspartyl protease
Peptidase_C48: Ulp1 protease family, C−terminal catalytic domain
DUF1280: Protein of unknown function (DUF1280)
zf−Di19: Drought induced 19 protein (Di19), zinc−binding
IlvN: Acetohydroxy acid isomeroreductase, catalytic domain
PNMA: PNMA
Helitron_like_N: Helitron helicase−like domain at N−terminus
SH3_2: Variant SH3 domain
SH3_9: Variant SH3 domain
SH3_1: SH3 domain
PDZ: PDZ domain (Also known as DHR or GLGF)
PDZ_2: PDZ domain
CRAL_TRIO_2: Divergent CRAL/TRIO domain
C1_1: Phorbol esters/diacylglycerol binding domain (C1 domain)
RhoGEF: RhoGEF domain
RGS: Regulator of G protein signaling domain
PC4: Transcriptional Coactivator p15 (PC4)
RGS−like: Regulator of G protein signalling−like domain
zf−C2H2_jaz: Zinc−finger double−stranded RNA−binding
zf−C2H2_4: C2H2−type zinc finger
zf−H2C2_2: Zinc−finger double domain
zf−C2H2: Zinc finger, C2H2 type
zf−met: Zinc−finger of C2H2 type
zf−C2H2_6: C2H2−type zinc finger
DSPc: Dual specificity phosphatase, catalytic domain
zf−BED: BED zinc finger
Sugar_tr: Sugar (and other) transporter
Kunitz_BPTI: Kunitz/Bovine pancreatic trypsin inhibitor domain
RRM_5: RNA recognition motif. (a.k.a. RRM, RBD, or RNP domain)
RRM_6: RNA recognition motif (a.k.a. RRM, RBD, or RNP domain)
RRM_1: RNA recognition motif. (a.k.a. RRM, RBD, or RNP domain)
Kinase−like: Kinase−like
zf−CCHC_3: Zinc knuckle
C2: C2 domain
CH: Calponin homology (CH) domain
TPR_21: Tetratricopeptide repeat
DUF2225: Uncharacterized protein conserved in bacteria (DUF2225)
Cornifin: Cornifin (SPRR) family
Toxin_4: Anenome neurotoxin
GGDEF: GGDEF domain
EAL: EAL domain
EGF_2: EGF−like domain
Histone: Core histone H2A/H2B/H3/H4
MFS_1: Major Facilitator Superfamily
Astacin: Astacin (Peptidase family M12A)
DUF229: Protein of unknown function (DUF229)
Calx−beta: Calx−beta domain
Response_reg: Response regulator receiver domain
F5_F8_type_C: F5/8 type C domain
AMP−binding: AMP−binding enzyme
AMP−binding_C: AMP−binding enzyme C−terminal domain
DDE_Tnp_IS1595: ISXO2−like transposase domain
HTH_Tnp_Tc5: Tc5 transposase DNA−binding domain
DDE_1: DDE superfamily endonuclease
DDE_Tnp_4: DDE superfamily endonuclease
THAP: THAP domain
Plant_tran: Plant transposon protein
DUF4371: Domain of unknown function (DUF4371)
SNAP: Soluble NSF attachment protein, SNAP
TPR_10: Tetratricopeptide repeat
CHAT: CHAT domain
Apc3: Anaphase−promoting complex, cyclosome, subunit 3
TPR_1: Tetratricopeptide repeat
TPR_12: Tetratricopeptide repeat
TPR_11: TPR repeat
TPR_8: Tetratricopeptide repeat
TPR_7: Tetratricopeptide repeat
TPR_2: Tetratricopeptide repeat
Glyco_trans_1_4: Glycosyl transferases group 1
Glycos_transf_1: Glycosyl transferases group 1
NACHT: NACHT domain
AAA_16: AAA ATPase domain
DEAD: DEAD/DEAH box helicase
IIGP: Interferon−inducible GTPase (IIGP)
DDE_Tnp_1_7: Transposase IS4
LRR_6: Leucine Rich repeat
Rapsyn_N: Rapsyn N−terminal myristoylation and linker region
TPR_16: Tetratricopeptide repeat
EGF_MSP1_1: MSP1 EGF domain 1
EGF_3: EGF domain
cEGF: Complement Clr−like EGF−like
EGF_CA: Calcium−binding EGF domain
Collagen: Collagen triple helix repeat (20 copies)
TNF: TNF(Tumour Necrosis Factor) family
BACK: BTB And C−terminal Kelch
BTB: BTB/POZ domain
Mab−21: Mab−21 protein
zf−TRAF: TRAF−type zinc finger
Dynamin_N: Dynamin family
zf−C3HC4_4: zinc finger of C3HC4−type, RING
zf−B_box: B−box zinc finger
zf−C3HC4: Zinc finger, C3HC4 type (RING finger)
H_lectin: H−type lectin domain
NHL: NHL repeat
MATH: MATH domain
TLD: TLD
Lectin_C: Lectin C−type domain
Herpes_UL45: UL45 protein
DED: Death effector domain
PNP_UDP_1: Phosphorylase superfamily
zf−RING_UBOX: RING−type zinc−finger
zf−C3HC4_2: Zinc finger, C3HC4 type (RING finger)
Macro: Macro domain
AAA_19: Part of AAA domain
PARP: Poly(ADP−ribose) polymerase catalytic domain
SGL: SMP−30/Gluconolaconase/LRE−like region
GFP: Green fluorescent protein
AAA_11: AAA domain
AAA_12: AAA domain
Pkinase_Tyr: Protein tyrosine kinase
V−set: Immunoglobulin V−set domain
I−set: Immunoglobulin I−set domain
ig: Immunoglobulin domain
Ig_3: Immunoglobulin domain
Ig_2: Immunoglobulin domain
OLF: Olfactomedin−like domain
COLFI: Fibrillar collagen C−terminal domain
TIR: TIR domain
TIR_2: TIR domain
NB−ARC: NB−ARC domain
AAA_22: AAA domain
Death: Death domain
PA14: PA14 domain
Filamin: Filamin/ABP280 repeat
REJ: REJ domain
CUB: CUB domain
DUF3504: Domain of unknown function (DUF3504)
Phage_integrase: Phage integrase family
HTH_Tnp_1: Transposase
DUF640: Protein of unknown function (DUF640)
Bro−N: BRO family, N−terminal domain
CUB_2: CUB−like domain
ApoL: Apolipoprotein L
PHR: PHR domain
HNH_3: HNH endonuclease
Fibrinogen_C: Fibrinogen beta and gamma chains, C−terminal globular domain
Sulfotransfer_2: Sulfotransferase family
Kelch_1: Kelch motif
Kelch_6: Kelch motif
Kelch_3: Galactose oxidase, central domain
Kelch_4: Galactose oxidase, central domain
SMC_N: RecF/RecN/SMC N terminal domain
Sulfotransfer_3: Sulfotransferase family
ABC_membrane: ABC transporter transmembrane region
7TM_GPCR_Srv: Serpentine type 7TM GPCR chemoreceptor Srv
EGF: EGF−like domain
7tm_1: 7 transmembrane receptor (rhodopsin family)
7TM_GPCR_Srw: Serpentine type 7TM GPCR chemoreceptor Srw
7TM_GPCR_Srsx: Serpentine type 7TM GPCR chemoreceptor Srsx
7TM_GPCR_Srx: Serpentine type 7TM GPCR chemoreceptor Srx
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Figure S7: Heatmap showing relative counts of genes that displayed significant 
differences between complex and robust corals. To obtain relative counts raw 
counts were centered and scaled for each row using the R function, scale. Included 
domains are those that differed significantly (FDR = 0.01 based on a Fisher’s exact 
test) between robust (Fungia, Goniastrea) and complex corals (A.digitifera, 
A.millepora, Galaxea and Porites). See Additional file 2: Table S16 for details of test 
statistics. 
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Trypsin: Trypsin

Fibrinogen_C: Fibrinogen beta and gamma chains, C−terminal globular domain

PHR: PHR domain

Laminin_G_3: Concanavalin A−like lectin/glucanases superfamily

LicD: LicD family

Octopine_DH: NAD/NADP octopine/nopaline dehydrogenase, alpha−helical domain

Sulfotransfer_3: Sulfotransferase family

ABC_tran: ABC transporter

ABC_membrane: ABC transporter transmembrane region

CHAT: CHAT domain

Rapsyn_N: Rapsyn N−terminal myristoylation and linker region

TPR_16: Tetratricopeptide repeat

RVT_1: Reverse transcriptase (RNA−dependent DNA polymerase)
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Peptidase_A17: Pao retrotransposon peptidase
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LRR_6: Leucine Rich repeat
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zf−C3HC4_3: Zinc finger, C3HC4 type (RING finger)

WD40: WD domain, G−beta repeat

EF−hand_8: EF−hand domain pair
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DEAD: DEAD/DEAH box helicase

RRM_6: RNA recognition motif (a.k.a. RRM, RBD, or RNP domain)

RRM_1: RNA recognition motif. (a.k.a. RRM, RBD, or RNP domain)
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Figure S8: Phylogenetic relationships of HSP20 genes in corals and anemones 
(A) and arrangement of HSP20 genes in Porites lutea (B). (A) Genes are coloured 
according to species and corresponding scaffolds containing 2 or more HSP20 genes 
are shown in alternating colours. IQ-TREE was used to generate the maximum 
likelihood tree. Automatic model selection chose JTT+G4 as the best model and 
1000 UFBoot replicates were used to generate support values shown as node labels. 
Sequences on which the tree was based are summarized in Additional file 2: Table 
S17 and provided in Additional file 5. (B) Close spacing of eight HSP20 paralogs is 
shown in blue with other genes shown in green.  
 
 
 
 

 
 
 
Figure S9: Organisation of membrane associated carbonic anhydrase genes in 
Porites lutea. Genes are shown as coloured blocks with the point designating the 
direction of transcription. Blue track shows the position and orientation of genes 
coding for carbonic anhydrases. The blue region spans ~160kb and contains just two 
non-carbonic anhydrase genes (shown in yellow).  
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Figure S10: Alignment of ATP phosphoribosyltransferase (K00765) proteins. 
Poorly aligned columns with less than 20% alignable sequences were removed. The 
alignment shown was used to generate the phylogenetic tree Fig. 6. In the case of 
Symbiodinium strains, the host species are indicated after the underscore. 
Sequences are summarised in additional file 2: Table S20. Full length annotated 
protein sequences are provided in Additional file 6. 
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Figure S11: Phylogenetic tree of Imidazoleglycerol-phosphate dehydratase 
(K01693) proteins. IQ-TREE was used to generate the unrooted tree shown. 
Automatic model selection chose LG+R4 as the best model and 1000 UFBoot 
replicates were used to generate support values shown as node labels. The tree is 
displayed as rooted at the midpoint. Sequences on which the analyses are based are 
summarised in additional file 2:Table S21 and provided in Additional file 7. In general, 
the Symbiodinium proteins are significantly longer than other sequences, and 
typically contain two IGPD domains.  



	

 
Figure S12: Alignment of Imidazoleglycerol-phosphate dehydratase (K01693) 
protein sequences. Poorly aligned columns with less than 20% alignable sequences 
were removed. The alignment shown was used to generate the phylogenetic tree 
Figure S11. In the case of Symbiodinium strains, the host species are indicated after 
the underscore. Sequences are summarised in Additional file 2: Table S21. Full 
length of annotated protein sequences are provided in Additional file 7. 
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