
*Address correspondence to:  Ildikó M.L. Somorjai. University of St Andrews, Biomedical Sciences Research Complex, North Haugh, St Andrews, KY16 9ST, United 
Kingdom. Tfno: 01334 463628. E-mail: imls@st-andrews.ac.uk - web: https://synergy.st-andrews.ac.uk/cord  http://orcid.org/0000-0001-5243-6664

Full text for this paper is available at: http://dx.doi.org/10.1387/ijdb.170205is

www.intjdevbiol.com

 

SUPPLEMENTARY MATERIAL

corresponding to:

Amphioxus Sp5 is a member of a conserved 
Specificity Protein complement and is modulated 

by Wnt/b-catenin signalling

SIMON C. DAILEY, IRYNA KOZMIKOVA and ILDIKÓ M.L. SOMORJAI*

doi: 10.1387/ijdb.170205is



10 20 30 40 50 60 70 80 90 100 110 120
SP1-4_Branchiostoma_lanceolatum_BL17328
SP1-4_Branchiostoma_belcheri_301370F.t1
SP1-4_Strongylocentrotus_purpuratus_SPU_009831
SP1-4_Lingula_anatina
SP1-4_Orbicella_faveolata_XP_020626173.1
SP1-4_Saccoglossus_kowalevskii_XP_006825847.1
SP1-4_Nematostella_vectensis_EDO42941
SP1_Homo_sapiens_ENSP00000329357
SP2_Homo_sapiens_ENSP00000365931
SP3_Homo_sapiens_ENSP00000310301
SP4_Homo_sapiens_ENSP00000222584
SP1_Xenopus_tropicallis_ENSXETP00000027712
SP2_Xenopus_tropicallis_ENSXETP00000062382
SP3_Xenopus_tropicallis_ENSXETP00000059529
SP4_Xenopus_tropicallis_ENSXETP00000016169
SP5_Branchiostoma_lanceolatum_BL23760
SP5_Branchiostoma_belcheri_204970F
SP5_Saccoglossus_kowalevskii_NP_001158478.1
SP5_Lingula_anatina_XP_013395459.1
SP5_Strongylocentrotus_purpuratus_SPU_024189
SP5_Orbicella_faveolata_XP_020626177.1
SP5_Nematostella_vectensis_EDO42939
SP5_Homo_sapiens_ENSP00000364430
SP5a_Xenopus_tropicallis_ENSXETP00000054194
SP5b_Xenopus_tropicallis_ENSXETP00000013672
SP6-9_Branchiostoma_lanceolatum_BL04266
SP6-9_Branchiostoma_belcheri_205000R.t1
SP6-9_Saccoglossus_kowalevskii_NP_001161661.1
SP6-9_Strongylocentrotus_purpuratus_SPU_011280
SP6-9_Orbicella_faveolata_XP_020626189.1
SP6-9_Nematostella_vectensis_EDO42885
SP6-9_Lingula_anatina_XP_013395520.1
SP6_Homo_sapiens_ENSP00000340799
SP7_Homo_sapiens_ENSP00000443827
SP8_Homo_sapiens_ENSP00000408792
SP9_Homo_sapiens_ENSP00000378418
SP6_Xenopus_tropicallis_ENSXETP00000047501
SP7_Xenopus_tropicallis_ENSXETP00000027713
SP8_Xenopus_tropicallis_ENSXETP00000058323
SP9_Xenopus_tropicallis_ENSXETP00000062650

SP EESP - QGRRLRR - - - - VACSCP NCREGDGR - G - - NGD - - SKKKQH I CH I AGCGKVYGK TSHLRAHLRWHTGERP F VCNWL FCGKRF TRSDE LQRHRRTHTGEKRF TCPDCSKKFMRSDHLSKH I K TH
SP EESP - QGRRLRR - - - - VACSCP NCREGDGR - G - - NGD - - SKKKQH I CH I AGCGKVYGK TSHLRAHLRWHTGERP F VCNWL FCGKRF TRSDE LQRHRRTHTGEKRF TCPDCSKKFMRSDHLSKH I K TH
QSQ I KQEP P KKVRR - - - - L AC TCP NCKDGDGRNS - - E - - - - KGKKQH I C H I ADCGK I YGK TSHLRAHLRWHTGERP F VCDWLFCGKRF TRSDE LQRHRRTHTGEKKF VCKSCGKKFMRSDHL AKHQRTH
- - - - - - S PGRRLRR - - - - I AC TCP NCKDTDNKNV - - TGD - - NK KKQH I CHF EGCNKVYGK TSHLRAHLRWHSGERP F VCSWL FCGKRF TRSDE LQRHRRTHTGEKRF VCPQCSKRFMRSDHLSKH I K TH
SP T - - - - SNRRLRR - - - - VAC TCP NCREGEGRTA - - DG - - - - - RKQH I CH I PGCGKVYGK TSHLRAHLRWHTGERP F VCNWLFCGKRF TRSDE LQRHRRTHTGEKRF AC TECGKRFMRSDHLSKHVRTH
PQVQ I AQSGKRLRR - - - - VACSCP NC - NGEGRNN - - S EA - - GKKKQH I CH I PGCNKVYGK TSHLRAHLRWHTGERP F VCNWL FCGKRF TRSDE LQRHRRTHTGEKRFQCSECSKRFMRSDHLSKHLK TH
- P T - - - - TGRRLRR - - - - I AC TCP NCRDGEGRTA - - NG - - - - - RKQHVCHVPGCGKVYGK TSHLRAHLRWHSGERP F VCNWL FCGKRF TRSDE LQRHRRTHTGEKRF TCP ECNKKF MRSDHLSKHVK TH
SPDAQPQAGRRTRR - - - - E AC TCP YCKDSEGRGS - - GDP - - GKKKQH I CH I QGCGKV YGK TSHLRAHLRWHTGERP FMC TWS YCGKRF TRSDE LQRHKRTHTGEKKF ACP ECP KRFMRSDHLSKH I K TH
A LAGE TQPGEKRRR - - - - MAC TCP NCKDGEK - - - - - - RSGEQGKKKHVCH I PDCGK TF RK TS L L RAHVRLHTGERP F VCNWF FCGKRF TRSDE LQRHARTHTGDKRF ECAQCQKRFMRSDHL TKHYK TH
- - - - - - - EGKRLRR - - - - VAC TCP NCKEGGGRGT - - N - L - - GKKKQH I CH I PGCGKVYGK TSHLRAHLRWHSGERP F VCNWMYCGKRF TRSDE LQRHRRTHTGEKKF VCP ECSKRF MRSDHLAKH I K TH
TSDQEVQPGKRLRR - - - - VACSCP NCREGEGRGS - - NEP - - GKKKQH I CH I EGCGK VYGK TSHLRAHLRWHTGERP F I CNWMFCGKRF TRSDE LQRHRRTHTGEKRF ECP ECSKRFMRSDHLSKHVK TH
SPDPQPQPGRRMRR - - - - E AC TCP YCKEGEGRGS - - GDP - - GKKKQH I CH I PGCGK VYGK TSHLRAHLRWHTGERP F VC TWVFCGKRF TRSDE LQRHKRTHTGEKKF I CP ECP KRFMRSDHLSKH I K TH
A L SGE LQPGEKRRR - - - - VAC TCP NCKDGEK - - - - - GRWGP PGRKRHVCH I P ECGRTF RK TS L L RAHVRLHTGERP F VCNWGFC TKRF TRSDE LQRHARTHTGDKRF ECPQCQKRF TRSDHVSKHF K TH
- - - - - - - EGKRLRR - - - - VAC TCP NCKDGAGRGT - - N - L - - GKKKQH I CH I PGCGKVYGK TSHLRAHLRWHSGERP F VC TWMFCGKRF TRSDE LQRHRRTHTGEKKF VCP ECSK RFMRSDHLAKH I K TH
SSDQEVQTGKRLRR - - - - VACSCP NCREGEGRGN - - S E P - - GKKKQH I CH I ENCGK VYGK TSHLRAHLRWHTGERP F VCNW I FCGKRF TRSDE LQRHRRTHTGEKRF ECP ECSKRFMRSDHLSKHVK TH
- KP T I A - TARRCRR - - - - - - CRCP NCQNS - - - TA - - GSP - - NKKKQH I CH I PGCGKVYGK TSHLKAHLRWHTGERP F VCNWL FCGKSF TRSDE LQRHLRTHTGEKRF ACPDCGKRFMRSDHLAKHVK TH
- KP T I A - TARRCRR - - - - - - CRCP NCQNS - - - TA - - GSP - - NKKKQH I CH I PGCGKVYGK TSHLKAHLRWHTGERP F VCNWL FCGKSF TRSDE LQRHLRTHTGEKRF ACPDCGKRFMRSDHLAKHVK TH
- - - - - - - - - RRCRR - - - - - - CRCP NCVNA - - TNS - - NNP - - SKKKQH I CH I PGCGKVYGK TSHLKAHLRWHTGERP F VCNWL FCGKSF TRSDE LQRHLRTHTGEKRF VC TECGKRFMRSDHLSKHVK TH
L LG I QKP T TRRCRR - - - - - - CRCP NCQNASSSSD - - P - - - - QKRKMHVCH I QGCGKE YGK TSHLKAHLRWHAGERP F VCNWL FCGKSF TRSDE LQRHLRTHTGEKRF ACHECGKRFMRSDHLS KHVK TH
SS I TK L - AARRCRR - - - - - - CRCP NC LNP - - S I S - - S E P - - AKKRQH I CH I PGCGKVYGK TSHLKAHLRWHTGERP F VCNWL FCGKSF TRSDE LQRHLRTHTGEKRF VCP ECGKRFMRSDHLSKHSK TH
- - - - - - - - TRRCRR - - - - - - CRCP NCQLA - - A T T - - GNT - - AKRKQH I CH I PGCGKVYGK TSHLKAHLRWHTGERP F VCNWL FCGKSF TRSDE LQRHLRTHTGEKRFQCAECGKRFMRSDHLRKHQK TH
- - - - QV TGTRRCRR - - - - - - CRCP NCQLA - - A T T - - GNT - - SKRKQHVCH I PGCGKVYGK TSHLKAHLRWHTGERP F VCNWL FCGKSF TRSDE LQRHLRTHTGEKRFQCDECGKRFMRSDHLRKHQK TH
KAP LAA - TARRCRR - - - - - - CRCP NCQAAGGAP E - - AEP - - GKKKQHVCHVPGCGKVYGK TSHLKAHLRWHTGERP F VCNWL FCGKSF TRSDE LQRHLRTHTGEKRF ACP ECGKRFMRSDHLAKHVK TH
KSP L - A - TARRCRR - - - - - - CRCP NCQTS - - SGP - - DEA - - GKKKQH I CH I PGCGKVYGK TSHLKAHLRWHSGERP F I CNWL FCGKSF TRSDE LQRHLRTHTGEKRF VCP ECGKRFMRSDHLAKHVK TH
SSK T L LNS TRRCRR - - - - - - CKCP NCQAS - - P SN - - E E P - - GKK K LH I CHL PGCGKVYGK TSHLKAHLRWHAGERP F I CNWMLCGKSF TRSDE LQRHLRTHTGEKRFGCQECGKRFMRSDHLSKHTK TH
TAGV - - - - - RNSRRY TGRATCDCPNCQEAERLGP - - AGAA I RRKNQHSCH I PGCGKVYGK TSHLKAHLRWHTGERP F VCNWL FCGKRF TRSDE LQRHLRTHTGEKRF ACP VCNKRFMRSDHLAKHTK TH
TAGV - - - - - RNSRRY TGRATCDCPNCQEAERLGP - - AGAA I RRKNQHSCH I PGCGKVYGK TSHLKAHLRWHTGERP F VCNWL FCGKRF TRSDE LQRHLRTHTGEKRF ACP VCNKRFMRSDHLAKHTK TH
SAAS - - - - - RA TRRY TGRATCDCPNCHENERLAA - - AGKC I P KKN I HSCH I PGCGKVYGK TSHLKAHLRWHTGERP F VCNWL FCGKRF TRSDE LQRHLRTHTGEKRF ACP VCNKRFMRSDHLSKHVK TH
GLS L S - - - - RAGRRYSGRATCDCPNCQENERLAA - - AGQP LRKKNVHSCH I PGCGK I YGK TSHLKAHLRWHTGERP F VCNWLFCGKRF TRSDE LQRHLRTHTGEKRF SCP TCNKRFMRSDHLSKHVK TH
QSVAA - - - - RA TRRY TGRATCDCPNCQDNERL SA - - AGAP F RKK TQH I CH I PGCGKV YGK TSHLKAHLRWHTGERP F VCNWLFCGKRF TRSDE LQRHLRTHTGEKRF ACP I CNKRFMRSDHLAKHVK TH
- S L VP - - - - R T TRRY TGRATCDCPNCQDNERMSA - - SGAP F RKKSQH I CH I PGCGKV YGK TSHLKAHLRWHTGERP F VCNWLFCGKRF TRSDE LQRHLRTHTGEKRF ACP I CSKRFMRSDHLSKHVK TH
P - - S P - - - - RSQRRYSGRATCDCPNCQEAERLGP - - AGAHL - KKN I HSCH I PGCGKVYGK TSHLKAHLRWHTGERP F VCNWL FCGKRF TRSDE LQRHLRTHTGEKRF ACP VCNKRFMRSDHLAKHVK TH
- KGS - - - - RRSVP RSSGQTVCRCPNC L EAERLGAPCGPDGGKKKHLHNCH I PGCGKAYAK TSHLKAHLRWHSGDRP F VCNWLFCGKRF TRSDE LQRHLQTHTGTKKF PCAVCSRVFMRSDHLAKHMK TH
TGGSGG - - - - YGGSGAGRSSCDCPNCQE L ERLGA - - AAAGLRKKP I HSCH I PGCGKVYGKASHLKAHLRWHTGERP F VCNWL FCGKRF TRSDE L ERHVRTHTREKKF TC L LCSKRF TRSDHL SKHQRTH
GGSP - - - - RSSARRYSGRATCDCPNCQEAERLGP - - AGAS LRRKGLHSCH I PGCGKVYGK TSHLKAHLRWHTGERP F VCNWLFCGKRF TRSDE LQRHLRTHTGEKRF ACP VCNKRFMRSDHLSKHVK TH
GGSSA - - - - RSARRYSGRATCDCPNCQEAERLGP - - AGAS LRRKGLHSCH I PGCGKVYGK TSHLKAHLRWHTGERP F VCNWLFCGKRF TRSDE LQRHLRTHTGEKRF ACP VCNKRFMRSDHLSKH I K TH
- KG - - - - VRRAMP RSAAQTACRCPNCQEAERVGG - - GGEGGKHKNLHNCH I PGCGKAYAK TSHL KAHLRWHSGDRP F VCNWL FCGKRF TRSDE LQRHLQTHTGAKK YPCP SCSRVFMRSDHL TKHMK TH
YGNS - - - - - - - - GR - - - - P SCDCPNCQE L ERLGA - - SAAS L KRKP VHSCH I PGCGKVYGKASHLKAHLRWHTGERP F VCNWL FCGKRF TRSDE L ERHVRTHTREKKF TCP LCAKRF TRSDHL SKHQRSH
GGSP - - - - RSSARRYSGRATCDCPNCQEAERLGP - - AGAS LRRKGLHSCH I PGCGKVYGK TSHLKAHLRWHTGERP F VCNWLFCGKRF TRSDE LQRHLRTHTGEKRF ACP VCNKRFMRSDHLSKHVK TH
GG - TG - - - - RSARRYSGRATCDCPNCQEAERLGP - - AGAS LRRKGLHSCH I PGCGKVYGK TSHLKAHLRWHTGERP F VCNWL FCGKRF TRSDE LQRHLRTHTGEKRF ACP VCNKRFMRSDHLSKH I K TH
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Suppl. Fig. S1. Assembly errors affecting B. lanceolatum scaf-
fold 8. The SP-like protein BL17328 is found on B. lanceolatum 
genomic scaffold 8. Whilst the predicted protein appears to be 
unaffected, there are two apparent assembly artefacts affecting 
this locus. Green and orange boxes mark two sequences which 
were repeated 2 and 3 times, respectively. In both cases, repeats 
were immediately followed by a stretch of unknown nucleotides 
(Ns), and were 99-100% identical across the entire sequence, 
including introns. Sp5 exons are numbered, and exon 7’ represents 
a partial copy of this exon, which is interrupted by a patch of Ns.

Suppl Fig. S2. Btd box and C2H2 triplet conservation. For all six Branchiostoma SP-like proteins, the conserved Btd box motif and C2H2 zinc finger 
motifs are present. Consensus sequences taken from Presnell et al. (2015). Branchiostoma sequences are highlighted in bold.

Suppl Fig. S3 (opposite). C2H2 domain phylogeny of SP and KLF proteins. The C2H2 triplets for the SP proteins used in this study were compared 
to those of KLF proteins from the same species, where previously identified KLF proteins were readily available. The same domain from the human 
Wilms tumor1 (Wt1) protein was used to root the tree. Percentage RAxML bootstraps (above node) and MrBayes posterior probabilities (below node) 
are indicated only for key nodes of the SP proteins only. Both models strongly support an SP-Specific clade, confirming the identification of this gene 
family. The MrBayes analysis supported the existence of SP1-4, SP5 and SP6-9 clades; RAxML had weak support values for the internal topology of SP 
proteins. Trees used the LF model of protein evolution, with 4 gamma rate categories. Tree branches are coloured according to their RAxML bootstrap 
support (green low, blue high).



0.3
Bootstraps: 0 100

KLF10 Xenopus tropicalis

KLF1/2/4b Nematostella vectensis

KLF1 Xenopus tropicalis

KLF6/7 Nematostella vectensis

SP1-4 Lingula ana�na

KLF12 Homo sapiens

KLF11 Xenopus tropicalis

KLF6 Homo sapiens

SP1-4 Nematostella vectensis

KLF4 Xenopus tropicalis

SP3 Homo sapiens

KLF15 Nematostella vectensis

KLF9/13b Strongylocentrotus purpuratus

KLF5b Xenopus tropicalis

SP1-4 Strongylocentrotus purpuratus

KLF2 Xenopus tropicalis

SP6-9 Branchiostoma lanceolatum

SP5 Homo sapiens

KLF14 Homo sapiens

SP8 Xenopus tropicallis

SP1-4 Branchiostoma belcheri

SP6 Xenopus tropicallis

KLF5 Homo sapiens

SP5 Branchiostoma belcheri

KLF10 Homo sapiens

KLF15a Xenopus tropicalis

KLF9 Xenopus tropicalis

SP1-4 Orbicella faveolata

KLF2 Homo sapiens

SP1 Xenopus tropicallis

SP4 Xenopus tropicallis

KLF11 Homo sapiens

KLF5b Xenopus tropicalis

SP5 Lingula ana�na

SP2 Xenopus tropicallis

KLF16 Homo sapeins

SP7 Homo sapiens

KLF15 Homo sapiens

KLF5a Nematostella vectensis

SP8 Homo sapiens

KLF7 Homo sapiens

SP5 Saccoglossus kowalevskii

KLF8 Homo sapiens

KLF9/13a Strongylocentrotus purpuratus

SP7 Xenopus tropicallis

SP2 Homo sapiens

KLF15 Strongylocentrotus purpuratus

KLF9/13b Nematostella vectensis

SP5 Orbicella faveolata

KLF5b Nematostella vectensis

SP6-9 Nematostella vectensis

KLF7 Xenopus tropicalis

KLF5 Strongylocentrotus purpuratus

SP5a Xenopus tropicallis

SP5b Xenopus tropicallis

SP5 Nematostella vectensis

KLF1 Homo sapiens

SP5 Strongylocentrotus purpuratus

SP6-9 Branchiostoma belcheri

KLF13 Xenopus tropicalis

SP6-9 Strongylocentrotus purpuratus

KLF4 Homo sapiens

KLF13 Homo sapiens

SP1 Homo sapiens

SP6-9 Lingula ana�na

SP3 Xenopus tropicallis

KLF12 Xeonpus tropicalis

KLF5a Xenopus tropicalis

KLF9/13a Nematostella vectensis

SP1-4 Saccoglossus kowalevskii

SP9 Xenopus tropicallis

KLF3 Xenopus tropicalis

SP6-9 Saccoglossus kowalevskii

KLF1/2/4a Nematostella vectensis

KLF1/2/4 Strongylocentrotus purpuratus

SP5 Branchiostoma lanceolatum

SP4 Homo sapiens

SP6 Homo sapiens

KLF8 Xenopus tropicalis

WT1 Homo sapiens

SP1-4 Branchiostoma lanceolatum

SP6-9 Orbicella faveolata

KLF6/7 Strongylocentrotus purpuratus

KLF9 Homo sapeins

SP9 Homo sapiens

KLF3 Homo sapeins

99

97

97
57

56

44

88
100

SP
6-

9
SP

5
SP

1-
4



Suppl Fig. S5. Expression of Sp5 in early B. lanceo-
latum development. The early developmental stages 
of B. lanceolatum were assayed by WMISH for the 
expression of Sp5 using an antisense probe. A sense 
probe, which would be expected to produce no signal, 
was included as a control. Neither probe produced a 
signal between fertilised egg to early blastula stages 
(A-D), however by late blastula stage (E), a hemi-
spherical domain of expression is observed for the 
Sp5 antisense probe, whilst the sense control remains 
unstained. Sense control embryos were exposed to 
staining solution for an excessively long duration, in 
order to be confident that no specific staining was 
observed. This over-exposure results in the diffuse 
purple colouration and aggregation of dirt seen here 
in some embryos. All images are at the same scale.

Suppl Fig. S6. CHIR99021 treatment increases Sp5 expression. Expres-
sion of Sp5 is upregulated by CHIR99021 pharmacological treatment. (A) 
Scheme of the treatment schedule. CHIR99021 was applied at the 8-cell 
stage and embryos harvested for WMISH or qRT-PCR at the gastrula 
stage. (B) WMISH of control (DMSO-treated) and CHIR99021-treated 
(10 mM) embryos. Right-most panels show low resolution image of many 
embryos. The fragment used to synthesise the Sp5 probe was generated 
via PCR using primers 5’ TGACCGCATCTTGCTGAGAGT 3’ (forward) and 5’ 
CTAGTCTTCTTGTACGTCGAT 3’ (reverse), ligated into pCR-BluntII-TOPO. 
(C) Quantitation of Sp5 mRNA changes determined by qRT-PCR in control 
(DMSO-treated) and CHIR99021-treated embryos; p<0.001.

Gene Supporting transcripts 

Sp1-4 JT854271.1 JT904194.1 

Sp5 JT904194.1 JT873481.1 
JT860870.1 

Sp6-9 JT904753.1 
JT848050.1 

Accession codes for transcripts that originated from the combined developmental and adult B. 
lanceolatum transcriptome (Oulion et al., 2012) are indicated.
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Final C2H2 zinc finger

Suppl Fig. S4. Glutamine-rich trailing region of Branchiostoma SP1-4 proteins. Alignment of the region following the final C2H2 domain of B. 
lanceolatum and B. belcheri SP1-4 proteins. Glutamine (Q) residues, which comprise approximately 25% of these sequences, are coloured magenta.


