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Background
The vascular endothelial growth factor (VEGF) family comprises in vertebrates 3 to 
6 members, depending on the species: VEGF(-A), PlGF, VEGF-B, VEGF-C, 
VEGF-D, and VEGF-F. They fulfil mainly functions for the blood and lymphatic 
vascular systems. Despite the absence of these two vascular systems in most 
invertebrates, VEGF-like growth factors have also been found in many invertebrate 
species, e.g. in Drosophila melanogaster and Caenorhabditis elegans. The 
evolutionary relationships between the VEGFs have never been comprehensively 
addressed apart from older analyses, which were limited by the low number of 
sequences and genomes available at the time.
Materials & Methods
We performed a comprehensive bioinformatics analysis of the occurrence of 
VEGF-like growth factors in all animal phyla, their phylogeny and their conservation.
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Results
The vertebrate whole genome duplications play a role in the expansion of the 
VEGF diversity, but several individual gene duplications account for the 
temporal pattern of emergence. Some VEGF family members are completely 
absent in some phyla. E.g. functional genes coding for VEGF-B are absent 
from the phylum Archosauria, which includes crocodiles and birds, and, by 
inference, non-avian dinosaurs. The data argue that the phylogenetically 
oldest VEGFs featured a C-terminus with BR3P-homology repeats, which is a 
hallmark of the modern-day lymphangiogenic VEGF-C and VEGF-D. Significant 
differences in the degree of conservation can be found between different 
parts of the VEGF molecules and between the different VEGF paralogs. The 
sequence conservation of the VEGF homology domain is remarkable over 
large evolutionary distances. However, the junctional sequences, which are 
crucial for proteolytic activation, are highly diverse.

Take-home messages
We conclude e.g. that there is not only a heterogeneity of proteolytic 
VEGF-C activation within an organism (i.e. several different proteases are 
able to activate VEGF-C/VEGF-D under different physiological settings), 
but there is also heterogeneity between animal classes (i.e. deploying 
different VEGFs and different activating proteases for the same 
physiological task). Indeed, recent experimental evidence supports this 
view. Such heterogeneity could have potentially consequences when 
interpreting or comparing the data generated with disparate animal 
models.
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Starfish (Acanthaster planci, XP_022098898.1)   

Consensus score
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Hagfish (Eptatretus burgeri, ENSEBUT00000000354.1)   L T RRL L AASSVDDLL T L L YP WPE EAT AQRCRRGHR - - - - - - - - - - - - - - - - - - - - - - T - - - E P QF QAAV- -VN- - - - - - I NWEAIEL EWSNTL CAPRQACVP T GPDSHSVERSL HY RPP CVSL HRCT GCCNDP RRSCT ST AVQHVSKT VI EI SL F P - EL VI RP VT I SY KNHTECHCL TI P F HNVRP P RSVSK

Whale shark (Rhincodon typus, XP_020376152.1)   L EHQL RSVSSVDELMT I F YP E HWKML KCQL MKG- - - - - - - - - - RP L Y RET GF GT VT EEP - - - VT F AAT Y - -Y - - - N- - P E I L KSIDT EWKRTQCMPREVSL DVGK- EF GSATNI I F KPSCVSVYRCGGCCNSEGI T CMNT ST SYVSKT L F EI T VPI SQGP - KP I T I SVANHTGCRCMSKL DF FRQVHSI I RR

Skate (Leucoraja erinacea, LS-transcriptB2-ctg17881)   L EQQL RSAASI I ELMDI F YP E YR RI QECL QRRST MA- - - - - - - KHARREVEEEQEEEEE EEWT - EAAAF - -T VLWR- - EEDL RNIEL EWERTQCKPREVCL DL GR- EL GT ATNNF Y KPP CVSVHRCGGCCNNEGF QCI NVST AFVSKT L MEI T I PQVGL S- RP VVI SF I NHTACGCHPRH- I FSHSHSI I RR

Ghost shark (Callorhinchus milii, XP_007894115.1)   L EQQL RSVSSVDELMT I L YP E HWKML KCHSMKGSR - - - - - - - AHDHF REVGL DT AT EEP - - - VT F AAI Y - -S- - - N- - P E I L RSIDI EWKKTQCMPREVCL DVGK- EFGSP TNT I F KPSCVSI YRCGGCCNSEGL I CT NT ST SHVP KSL F EI VMPL SQGA- KP VT I SVANHTSCRCMSKL DHFRQI HSI I RR

Spotted gar (Lepisosteus oculatus, XP_006632034.2)   L HSQWGT VSTVDELL DL L YP E YG L VQHCL RKKAL N - - - - - - - - - - - - T HT SI QE EGDSWG- N QKKAAL Y - -I - - - A- - DSAF DL IL DEMQKTL CT PREVF L DVSK- EYP ESTT NFY L PRCVSVHRCGGCCKSEAL HCVNT SY T YVNKT L I ELSMPHMEK- - TVVMVSF VNHTE CECQP- - - - KRSP HSVI RR

Killifish (Nothobranchius furzeri, XP_015809835.1)   VEQKL RSASSVDELMSL I YP S YWSGL KCRSRL S- - AASSASRF - SHRL S- - - - - P QAY T D- E P MYAAAY - -L - - - D- - L DVL KSIEL EWRKTQCAPREVCVDVGR- EFGAP TNVF Y KPRCVSVHRCGGCCHSEDKQCRNI ST GYL SKT L F EI T VPI T QGT - RP VT VSVANHTQCSCL SKL DI YRQVHSI I RR

Platy fish (Xiphophorus maculatus, XP_023189044.1)   MEQKL RSASSVDELMSL I YP S YWAAL KCRSKL S- A AASSASKF - T QRP QT HRL RP L SEA E- E P T YAAAY - -L - - - N- - L DVL KSIEL EWRKTQCMPREVCVDVGR- EF GAP TNVFY KPP CVSVYRCGGCCPSEDKQCRNI ST GYL SKT L F EI T VPL T QGT - KP VT I SVANHTQCSCL SKL DI YRQVHSI I RR

Amazon molly (Poecilia formosa, XP_007564695.1)   MEQKL RSASSVDELMSL I YP S YWAAL KCRSKL S- A AASSASKF - T QRP QT HRL RP L SEA Q- E P T YAAAY - -L - - - N- - L DVL KSIEL EWRKTQCMPRE VCVDVGR- EFGAP TNVFY KPP CVSVYRCGGCCPSEDKQCRNI ST GYL SKT L F EI T VPL T QGT - KP VT I SVANHTQCSCL SKL DI YRQVHSI I RR

Swamp eel (Monopterus albus, XP_020464669.1)   MEQKL RSASSVDELMSL I YP S YWAAL KCRSKL SAA AASST SKL - SQQP QSRQL GP QDDT E- K P T F AAAY - -L - - - N- - L DAL KSIESEWRKTQCVPREVCVDVGR- EFGAP TNI FY KPP CVSVYRCGGCCHSEDKQCRNI ST GYL SKT L F EI T VPVT QGT - KP VT I SVANHTQCSCL SKL DVYKQVHSI I RR

Fugu fish (Takifugu rubripes, XP_011610643.1)   MEQRL RSASSVDELMT L I YP S YWAT L KCNSKL SSV AASSRSRF - AERQQ- - - - - P P ASA E- D P VF SAVY - -L - - - N- - L DVL KSIESEWRKTQCVPREVCVDVGR- EFGAP TNI FY KPP CVSVYRCGGCCHSEDKQCRNI ST GYL SKT L F EI T VPI T QGP - KP VT I SVANHTQCSCL SKL DI YKQVHSI I RR

Atlantic salmon (Salmo salar, NP_001167218.1)   L EQQL RSVASVDELMRI VYP N YY RVL SCRSKRGAR - - - - - - - F - T L RGEHT AT E T RSSG E- L P AYAGAP - -F - - - N- - P DT L KSIESEWKKTQCMPREVCL DVGK- EF GAATNT FY KPP CVSVYRCGGCCNSEAHQCMNI ST SYI SKT L F EI T VSSST SN- NL VT I SF ANHTVCNCL SKL DAYRQVHSI I RR

Zebrafish (Danio rerio, NP_991297.1)   L VEQL RSAGSVDELMRI VYP T YR I ML KCRSKMGSR - - - - - - - L - - L RREP SST E T RS- - E - E ASF AAAF - -I - - - N- - L EL L KSIE I EWRKTL CMPRQVCL DVGK- EFGA- TNT FY KPP CVSVYRCGGCCNSEEL QCRNI ST SYI SKT L F EI T VPVKQGT - KP VT I SF ANHTSCSCL SKQNL YRQQHSI I RR

Coelacant (Latimeria chalumnae, XP_006006690.1)   L EDQL RSVSSVDELMT I VYP E YWKML KCQSRKGHR - - - - - - - Q- HHNEHI GF DT RT EQS - - - VKF AAAF - -Y - - - N- - L E I L KSIDSEWRKTQCMPREVCVDVGK- EFGAATNT FF KPP CVSVYRCGGCCNSEGL QCVNSSI SYVSKT L F EI MVPL SQGP - KP VT I NF ANHTSCRCMSKL DVYRQVHSI I RR

Xenopus (Xenopus tropicalis, XP_002933363.1)   L EEQL RSVSSVDELMT L L YP E SWKMF KCQL RQGG- - - - - - - - - - - - - - ST GY DT RREDS - - - F T F AAAH- -Y - - - NYNAE I WKSIENEWRKTQCI PREVCVDVGK- EFGAP TNT FF KPP CVSVYRCGGCCNSEGL HCMNT SST FVSKT L F EI T VPL SQGP VKP VT I SF ANHTSCRCMSKL DVYRQVHSI I RR

Tibet frog (Nanorana parkeri, XP_018419054.1)   L EEQL RAVSSVDELMT L L YP E SWKMF KCQL RQGG- - - - - - - - - - - - - - QSGF DSRRDDS - - - VKYAAAH- -Y - - - NYNADI WKSIE I EWRKTQCMPREVCVDVGK- EFGAP TNT F F KPP CVSL YRCGGCCNSEGL HCMNT SSSYI SKT L F EI T VPL SQGP VKP VT I SF ANHTSCRCMSKL DVYRQVHSI I RR

Gekko (Gekko japonicus, XP_015283812.1)   L E EQL RSVSSVDELMT VL YP E YWKMF KCQL RKGSW- - - - - - - Q- HSREQSSF I ARSEDS N- P I KF AAAH- -Y - - - N- - ADI L KSIDNEWRKTQCMPREVCVDVGK- EFGAT TNT FF KPP CVSI YRCGGCCNSEGL QCMNI ST SYI SKT L F EI T VPL SHGP - KP VT I SF ANHTSCRCMSKL DVYRQVHSI I RR

Anole lizard (Anolis carolinensis, XP_003221689.1)   L EEQL RSVSSVDELMT VL YP E YWKMF KCQL RRGSW- - - - - - - Q- HNREL P SF DAKSEDS N- P I KF AAAH- -Y - - - S- - P E I L KSIDNEWRKTQCMPREVCVDVGK- ESGAT TNT F F KPP CVSI YRCGGCCNSEGL QCMNVST SYVSKT L F EI T VPL SHGP - KP I T I SF ANHTSCRCMSKL DVYRQVHSI I RR

King cobra (Ophiophagus hannah, ETE60014.1)   L EEQL RSVSSVDELMT VL YP E YWKMF KCQL RKGGW- - - - - - - P - H- REQSNF DGRT ADS N- P I KF AAAH- -Y - - - N- - T E I L KSIDNEWRKTQCMPREVT VDVGK- ESGAT TNI F F KPP CVSVYRCGGCCNSEGL QCMNI ST SYVSKT L F EI T VPL SHGP - KP VT I SF ANHTSCRCMSKL DVYRQVHSI I RR

Painted turtle (Chrysemys picta bellii, XP_005304228.1)   L EEQL RSVSSVDELMT VL YP E YWKMF KCQL RKGGW- - - - - - - Q- HNREHSSF DT RSDDS - - - I KF AAAH- -Y - - - N- - AE I L KSIDNEWRKTQCMPREVCVDVGK- EFGAT TNT F F KPP CVSI YRCGGCCNSEGL QCMNI ST SYI SKT L F EI T VPL SHGP - KP VT VSF ANHTSCRCMSKL DVYRQVHSI I RR

American Alligator (Alligator mississippiensis, XP_006276984.1)   L EEQL RSVSSVDELMT VL YP E YWKMF KCQL RKGGW- - - - - - - Q- HNREHSNF DT RT DDS - - - I KF AA AH- -Y - - - N- - AE I L KSIDNEWRKTQCMPREVCVDVGK- EFGAT TNT FF KPP CVSI YRCGGCCNSEGL QCMNI ST SYI SKT L F EI T VPL SHGP - KP VT VSF ANHTSCRCMSKL DVYRQVHSI I RR

Goose (Anser cygnoides domesticus, XP_013045797.1)   L EEQL RSVSSVDELMT VL YP E YWKMF KCQL RKGGW- - - - - - - Q- HNREY SSF DT RSDDS - - - L KF AAAH- -Y - - - N- - AE I L KSIDT EWRKTQCMPREVCVDVGK- EFGAT TNT F F KPP CVSI YRCGGCCNSEGL QCMNI ST NYI SKT L F EI T VPL SHGP - KP VT VSF ANHTSCRCMSKL DVYRQVHSI I RR

Chicken (Gallus gallus, XP_420532.3)   L EEQL RSVSSVDELMT VL YP E YWKMF KCQL RKGDW- - - - - - - Q- HNREHSSSDT RSDDS - - - L KF AAAH- -Y - - - N- - AE I L KSIDT EWRKTQCMPREVCVDVGK- EFGAT TNT FF KPP CVSI YRCGGCCNSEGL QCMNI ST NYI SKT L F EI T VPL SHGP - KP VT VSF ANHTSCRCMSKL DVYRQVHSI I RR

Cuckoo (Cuculus canorus, XP_009564005.1)   L EEQL RSVSSVDELMT VL YP E YWKMF KCQL RKGGW- - - - - - - Q- HNREHSSF DT RSDES - - - L KF AAAH- -Y - - - N- - AE I L KSIDT EWRKTQCMPREVCVDVGK- EFGAT TNT FF KPP CVSI YRCGGCCNSEGL QCMNI ST NYI SKT L F EI T VPL SHGP - KP VT I SF ANHTSCRCMSKL DVYRQVHSI I RR

Penguin (Pygoscelis adeliae, XP_009329004.1)   L EEQL RSVSSVDELMT VL YP E YWKMF KCQL RKGGW- - - - - - - Q- HNRERSSF DT RSDDS - - - L KF AAAH- -Y - - - N- - AE I L KSIDT EWRKTQCMPREVCVDVGK- EFGAT TNT FF KPP CVSI YRCGGCCNSEGL QCMNI ST NYI SKT L F EI T VPL S HGP - KP VT VSF ANHTSCRCMSKL DVYRQVHSI I RR

Pelican (Pelecanus crispus, XP_009486688.1)   L EEQL RSVSSVDELMT VL YP E YWKMF KCQL RKGGW- - - - - - - Q- HNREHSSF DT RSDDS - - - L KF AAAH- -Y - - - N- - AE I L KSIDT EWRKTQCMPREVCVDVGK- EFGAT TNT FF KPP CVSI YRCGGCCNSEGL QCMNI ST NYI SKT L F EI T VPL SHGP - KP VT VSF ANHTSCRCMSKL DVYRQVHSI I RR

Zebra finch (Taeniopygia guttata, XP_002189592.1)   L EEQL RSVSSVDELMT VL YP E YWKI F KCQL RR GGW- - - - - - - Q- HNREHSSF DT RSDDS - - - L KF AAAH- -Y - - - N- - AE I L KSIDT EWRKTQCT PREVCVDVGK- EFGAT TNT FF KPP CVSI YRCGGCCNSEGL QCMNI ST NYI SKT L F EI T VPL SHGP - KP VT VSF ANHTSCRCMSKL DVYRQVHSI I RR

Hummingbird (Calypte anna, XP_008490178.1)   L EEQL RSVSSVDELMT VL YP E YWKMF KCQL RKGGW- - - - - - - Q- HHREHSSF DT RSDGS - - - L KF AAAH- -Y - - - N- - AE I L KSIDT EWRKTQCMPREVCVDVGK- EF GAT TNT FF KPP CVSI YRCGGCCNSEGL QCMNI ST NYI SKT L F EI T VPL SHGP - KP VT VSF ANHTSCRCMSKL DVYRQVHSI I RR

Opossum (Monodelphis domestica, XP_007496150.2)   - - - - - - - - - - - - - -MT VL YP E YWKMF KCQL RKGGW- - - - - - - Q- QNGEHSGP DT T REDN - - - VKF AAAH- -Y - - - N- - AE I L KSIDNEWRKTQCMPREVCI DVGK- EFGAATNT FF KPP CVSI YRCGGCCNSEGL QCMNT ST SYL SKT L F EI T VPL SHGP - KP VT I SF ANHTSCRCMSKL DVYRQVHSI I RR

Armadillo (Dasypus novemcinctus, XP_004465018.1)  L EEQL RSVSSVDELMT I L YP E YWRMF KCQL RDGNR - - - - - - - Q- HNKEQP DL NT QREQN - - - QKF AAAH- -Y - - - N- - AE I L KSIDNEWRKTQCMPRE VCI DVGK- EFGAATNT FF KPP CVSVYRCGGCCNSEGL QCMNT ST SFL SKT L F EI T VPL T QGP - KP VT VSF ANHTSCRCMSKL DVYRQVHSI I RR

African elephant (Loxodonta africana, XP_003415871.1)   L EEQL RSVSSVDELMT VL YP E YWKMF KCQL RKGGW- - - - - - - Q- HHKEQP GT NI RT EEN - - - MKF AAAH- -Y - - - N- - AE I L RSIDNEWRKTQCMPREVCI DVGK- EFGAATNT FF KPP CVSI YRCGGCCNSEGL QCT NT ST SYL SKT L F EI T VPL SQGP - KP VT I SF ANHTSCRCMSKL DVYRQVHSI I RR

Dog (Canis lupus familiaris, XP_540047.2)   L EEQL RSASSVDELMT VL YP E YWKMY KCQL RKGGW- - - - - - - Q- RNKEQP NI SART EET - - - I KF AAAH- -Y - - - N- - AE I L KSIDNEWRKTQCI PREVCI DVGK- EFGAATNT FF KPP CVSVYRCGGCCNSEGL QCMNT ST SHL SKT L F EI T VPL SQGP - KP VT I SF ANHTSCRCMSKL DVYRQVHSI I RR

Orca (Orcinus orca, XP_004280970.1)   L EEQL RSASSVDELMT L L YP E SWKMY KCQL RKGGW- - - - - - - Q- HSKEQANANART EGT - - - L KF AAAH- -Y - - - N- - AE I L KSIDT EWRKTQCVPREVCVDVGK- EFGAATNT FF KPP CVSVYRCGGCCNSEGQRCT NT SASYL SKAL F EI T VPL SQGP - KP VT I SF ANHTSCRCMSKL DVYRQVHSI I RR

Dolphin (Tursiops truncatus, XP_019777186.1)   L EEQL RSASSVDELMT L L YP E SWKMY KCQL RKGGW- - - - - - - Q- HSKEQANANART EGT - - - L KF AAAH- -Y - - - N- - AE I L KSIDT EWRKTQCVPREVCVDVGK- EF GAATNT FF KPP CVSVYRCGGCCNSEGQRCT NT SASYL SKAL F EI T VPL SQGP - KP VT I SF ANHTSCRCMSKL DVYRQVHSI I RR

Cattle (Bos taurus, NP_776913.1)   MEEQL RSVSSVDELMT VL YP E YWKMY KCQL RKGGW- - - - - - - Q- HST EQANT NI RT GET - - - L KF AAAH- -Y - - - N- - T E I L RSIDNEWRKTQCMPREVCI DVGK- EFGAATNT FF KPP CVSVYRCGGCCNSEGQQCMNT ST SYL SKT L F EI T VPL SQGP - KP VT I SF ANHTSCRCMSKL DVYRQVHSI I RR

Goat (Capra hircus, XP_017897598.1)   MEEQL RSVSSVDELMT VL YP E YWKMY KCQL RKGGW- - - - - - - Q- HSKEQDNT NT RT GET - - - L KF AAAH- -Y - - - N- - T E I L RSIDNEWRKTQCMPREVCI DVGK- EF GAATNT FF KPP CVSVYRCGGCCNSEGQQCMNT ST SYL SKT L F EI T VPL SQGP - KP VT I SF ANHTSCRCMSKL DVYRQVHSI I RR

Rabbit (Oryctolagus cuniculus, XP_002709527.1)   L EEQL RSVSSVDELMT VL YP E YWKMY KCQL RKSGW- - - - - - - Q- HSKEQP DL NT RT EET - - - I KF AAAH- -Y - - - N- - AE I L KSIDNEWRKTQCMPREVCI DVGK- EFGAATNT FF KPP CVSVYRCGGCCNSEGQQCMNT ST SYL SKT L F EI T VPL SQGP - KP VT I SF ANHTSCRCMSKL DVYRQVHSI I RR

Rat (Rattus norvegicus, NP_446105.1)   L EEQL RSVSSVDELMSVL YP D YWKMY KCQL RKGGW- - - - - - - Q- - - - - QP SL NMRT GDT - - - VKL AAAH- -Y - - - N- - T E I L KSIDNEWRKTQCMPREVCI DVGK- EFGAATNT F F KPP CVSVYRCGGCCNSEGL QCMNT ST GYL SKT L F EI T VPL SQGP - KP VT I SF ANHTSCRCMSKL DVYRQVHSI I RR

Mouse (Mus musculus, NP_033532.1)   L EEQL RSVSSVDELMSVL YP D YWKMY KCQL RKGGW- - - - - - - Q- - - - - QP T L NT RT GDS - - - VKF AAAH- -Y - - - N- - T E I L KSIDNEWRKTQCMPREVCI DVGK- EFGAATNT FF KPP CVSVYRCGGCCNSEGL QCMNT ST GYL SKT L F EI T VPL SQGP - KP VT I SF ANHTSCRCMSKL DVYRQVHSI I RR

Chimpanzee (Pan troglodytes troglodytes, XP_526740.1)   L EEQL RSVSSVDELMT VL YP E YWKMY KCQL RKGGW- - - - - - - Q- HNREQANL NSRT EET - - - I KF AAAH- -Y - - - N- - T E I L KSIDNEWRKTQCMPREVCI DVGK- EFGVATNT F F KPP CVSI YRCGGCCNSEGL QCMNT ST SYL SKT L F EI T VPL SQGP - KP VT I SF ANHTSCRCMSKL DVYRQVHSI I RR

Human (Homo_sapiens, NP_005420.1)   L EEQL RSVSSVDELMT VL YP E YWKMY KCQL RKGGW- - - - - - - Q- HNREQANL NSRT EET - - - I KF AAAH- -Y - - - N- - T E I L KSIDNEWRKTQCMPREVCI DVGK- EFGVATNT FF KPP CVSVYRCGGCCNSEGL QCMNT ST SYL SKT L F EI T VPL SQGP - KP VT I SF ANHTSCRCMSKL DVYRQVHSI I RR

N-terminal propeptide VEGF homology domainlinker

ADAMTS3
thrombin (predicted), plasmin 1st cleavage

KLK3/PSA
cathepsin D

plasmin 2nd cleavage

PVF-1 Caenorhabditis elegans

PVF2 Drosophila melanogaster

VEGF-C Pocillopora damicornis (XP_027059384.1)

VEGF-C Exaiptasia pallida (XP_020907748.1)

VEGF-C Hydra vulgaris (XP_012567141.1)

VEGF Podocoryna carnea (AAS79435.1)

VEGF-C Pocillopora damicornis (XP_027050375.1)

VEGF-C Acropora digitifera (XP_015760784.1)

VEGF-C Stylophora pistillata (XP_022805345.1)

VEGF-C Stylophora pistillata (XP_022805359.1)

VEGF-C Hydra vulgaris (XP_002159836.1)

PDGF-B Hydra vulgaris (XP_002160342.2)

CQ-PREAVVEIPV----SS--E---GALWPACTVMKQC---GGCC--THLQFKE---C-VPTVLE----NIKATVMMIP---YD---Y-T---------R---------PKLH-TVS-FVQHKECAC-QC
CR-PRPTLVPIDDP----E--F----KFFPYFVKLHQC---GGSCDHIQPSVKS---C-IPLEYD----EVSVTVQVV---------G-----------T---------D-EM-RTTQVKNHTRCGC-EC
CK-PRPVAFRIPKS----V--H---VRTYPDYVILNRC---TGSC-TANQETQH---C-AVTAQD----AINVKIFEI----V-G---DQ-------------------PYIT-NTV-IYNHTACGC-DC
CS-PRPTYVRLPDP----P--FGK--SYFPKGVLIDQC---SGFC--FYEGLT----C-LGVAFR----NVTKDIFEITW---S---D-RNYGMSGSIAASAGLEMTSIPKQI-VL---KEPTQCQC-GC
CK-PRLTVLQVDKE----F--S-EKEYVYPYHIQVHQC---GGSC-KAHPSIQN---C-KPKTMH----EVKIPLYD-RK---------T-------------------SLMT-HVI-IQNHTSCYC-DC
CR-PFPTMVELERP----A--N-E--DYLPHTVVLHRC---LGGC-VTTQQVQN---C----TVKRQ-EEVVLQVLHRLD---HN---KV-------------------FKPL-KIT-VYNHTECAC-DC
CQ-PRPVAVRIPKG----P--H---VRSFPDYVILNRC---TGSC-PFNQEIEH---C-TVTERD----AITVTIFEL----V-G---NQ-------------------VHVV-NTV-LYNHTACSC-DC
CA-IRPRVVDVDFV----P--G---YFTFPACIQVNEC---SGCT--TK---SLIYKC-VPDEQV----NVTANVVDI-D--Y-S---GG-------------------YRIR-KVT-TLQPKSCKM-EC
CD-IRPMLINTDA-----L--N---YKYYPLVVSLYRC---SGVCKKEK---PSFRKC-VSAVST----DIQLHVFNE-L--L-E---RN----------------------E-TLA-LKNHTSCQC-QC
CQ-LMQKFEQIS--KSKTD--S---FIFFPSCIKVNRC---SGCC--NTDVME----C------------------------------------------------------V-ALT-NSSHV-------
CN-LQSVCVPIPQL-SDDP--Q---VLMYPKCYEVKQC---VGSC--CNS-VET---C-HPGTINLVKKHV-AEL----L--YIGNGRFM-------------------FNMTKEIT-MEEHTSCSCFDC
CRVPRPEVVHITRET------N---TFYSPRATILHRCSDKVGCC---NAGWT----CQMKR-NE----TV-DRVFDKVD----G---RS-------------------NEPI-VIS-MENHTECGC-VK
CM-PREVCIDVGKEFGVAT--N---TFFKPPCVSVYRC---GGCC--NSEGLQ----C-MNTSTS----YLSKTLFEITV---P---L-SQ--------G---------PKPV-TIS-FANHTSCRC-MS
CS-PRETCVEVASELGKST--N---TFFKPPCVNVFRC---GGCC--NEESLI----C-MNTSTS----YISKQLFEISV---P---L-TS--------V---------PELV-PVK-VANHTGCKC-LP
CH-PIETLVDIFQEYPDEI--E---YIFKPSCVPLMRC---GGCC--NDEGLE----C-VPTEES----NITMQIMRIK---PH---Q-----------G---------QHIG-EMS-FLQHNKCEC-RP
CQ-PREVVVPLTVELMGTV--A---KQLVPSCVTVQRC---GGCC--PDDGLE----C-VPTGQH----QVRMQILMI-R---YP---SS--------------------QLG-EMS-LEEHSQCEC-RP
CR-ALERLVDVVSEYPSEV--E---HMFSPSCVSLLRC---TGCC--GDENLH----C-VPVETA----NVTMQLLKIR---SG---D-----------R---------PSYV-ELT-FSQHVRCEC-RH
CK-TRTEVFEISRRLIDRTNAN---FLVWPPCVEVQRC---SGCC--NNRNVQ----C-RPTQVQ----LRPVQVRKI-E--IVRKK-PI-------------------FKKA-TVT-LEDHLACKC-ET
CT-PRNFSVSIREELK-RT--D---TIFWPGCLLVKRC---GGNCACCLHNCNECQ-C-VPSKVT----KKYHEVLQLRPKTGV---R-G---------L---------HKSL-TDVALEHHEECDC-VC

PVFs

human PDGFs

human VEGFs

PDGF-A

PDGF-B

PDGF-C

PDGF-D

PlGF-3

VEGF-A121

VEGF-A165

VEGF-B167

VEGF-D

VEGF-B186

VEGF-C

C-terminal propeptide
with BR3P repeats

CUB
domain

Hydrophobic
domain

VEGF/PDGF homology
domain (VHD)

N-terminal
propeptide

Hinge
region

VEGF Podocoryna carnea AAS79435.1
VEGF-C Pocillopora damicornis XP_027059384.1
VEGF-C Pocillopora damicornis XP_027050375.1
VEGF-C Acropora digitifera XP_015760784.1
VEGF-C Exaiptasia pallida XP_020907748.1
VEGF-C Stylophora pistillata XP_022805345.1
VEGF-C Stylophora pistillata XP_022805359.1
VEGF-C Hydra vulgaris XP_002161567.1
VEGF-C Hydra vulgaris XP_012567141.1
PDGF-B Hydra vulgaris XP_002160342.2
PVF-1 Caenorhabditis elegans Q9N413
PVF2 Drosophila melanogaster Q9VM43
VEGF-C Homo sapiens P49767
VEGF-D Homo sapiens O43915
VEGF-A Homo sapiens P15692
VEGF-B Homo sapiens P49765
PlGF-3 Homo sapiens P49763
PDGF-B Homo sapiens P01127
PDGF-C Homo sapiens Q9NRA1

# animal
 species

 55

 # se-
 quences

  969

 # compl.
 genomes 

 4

 # unique blasthits
(excl. false pos.)

0 (0)

  

ctenophora (comb jellies)  

 PDGF-A  PDGF-B  PDGF-C  PDGF-D  PlGF-1  VEGF-A121  VEGF-A165  VEGF-A206  VEGF-B167  VEGF-B186  VEGF-C  VEGF-D  VEGF-E  VEGF-F

 1455   29k  6 8 (-6) porifera (sponges)  1  P0, ?7, ∑8 0  P1, ?1, ∑2

 3   23k  2 0 (0) placozoa  

 3810   404k  43 105 (91) cnidaria (medusae/polyps)  0  P6, ?4, ∑10 1  P3, ?1, ∑5 0  P1, ?0, ∑1 0  P2, ?2, ∑4 0  P8, ?12, ∑20 1  P11, ?15, ∑27 0  P6, ?13, ∑19 0  P13, ?16, ∑29 0  P6, ?1, ∑7 16  P1, ?56, ∑73 1  P11, ?25, ∑37 0 P2, ?34, ∑36 0  P3, ?1, ∑4

 153   830  2 2 (-12) xenacoelomorpha  0  P0, ?1, ∑1 0  P0, ?1, ∑1

 1825   181k  24 38 (24) echinodermata  0  P7, ?1, ∑8 0  P7, ?0, ∑7 0  P13, ?1, ∑14 0  P12, ?1, ∑13 0  P10, ?3, ∑13 4  P2, ?9, ∑15 4  P4, ?13, ∑21 4  P2, ?9, ∑15 0  P12, ?11, ∑23 0  P12, ?11, ∑23 3  P8, ?24, ∑35 1  P13, ?10, ∑24 0 P5, ?7, ∑12 0  P8, ?2, ∑10

 41 22k  2 8 (-7) hemichordata (acorn wormws)  0  P2, ?0, ∑2 0  P2, ?0, ∑2 0  P2, ?1, ∑3 0  P2, ?0, ∑2 0  P1, ?0, ∑1 0  P1, ?2, ∑3 0  P1, ?1, ∑2 0  P1, ?1, ∑2 0  P2, ?1, ∑3 0  P2, ?2, ∑4 2  P1, ?1, ∑4 0  P3, ?1, ∑4 0 P2, ?1, ∑3 0  P2, ?0, ∑2

 11   62k  6 11 (-3) cephalochordata (lancelets)  0  P6, ?1, ∑7 0  P6, ?1, ∑7 0  P5, ?1, ∑6 0  P5, ?1, ∑6 0  P5, ?0, ∑5 1  P5, ?1, ∑7 1  P5, ?1, ∑7 1  P5, ?1, ∑7 0  P6, ?2, ∑8 0  P6, ?1, ∑7 5  P1, ?4, ∑10 0  P6, ?1, ∑7 0 P3, ?4, ∑7 0  P6, ?1, ∑7

 369   63k  16 2 (-12) tunicata  0  P1, ?0, ∑1 0  P1, ?0, ∑1 0  P1, ?1, ∑2 1  P0, ?0, ∑1 1  P0, ?0, ∑1 1  P0, ?0, ∑1 0  P1, ?0, ∑1 0  P1, ?0, ∑1 0  P1, ?0, ∑1 0  P1, ?0, ∑1 0 P1, ?0, ∑1 0  P1, ?0, ∑1

 82   37k  6 68 (54) cyclostomata (hagfish/lamprey)  3  P15, ?0, ∑18 0  P18, ?0, ∑18 1  P8, ?0, ∑9 0  P6, ?0, ∑6 0  P17, ?0, ∑17 13  P5, ?0, ∑18 13  P5, ?0, ∑18 13  P4, ?0, ∑17 0  P17, ?0, ∑17 0  P18, ?0, ∑18 1  P17, ?50, ∑68 0  P18, ?0, ∑18 0 P17, ?0, ∑17 0  P17, ?0, ∑17

 853   173k  13 72 (58) chondrichthyes (cartilaginous fishes)  15  P42, ?1, ∑58 5  P48, ?1, ∑54 5  P35, ?0, ∑40 6  P23, ?0, ∑29 1  P48, ?2, ∑51 16  P36, ?2, ∑54 17  P35, ?2, ∑54 17  P28, ?5, ∑50 0  P61, ?1, ∑62 0  P63, ?2, ∑65 13  P44, ?1, ∑58 4  P52, ?1, ∑57 0 P46, ?7, ∑53 0  P52, ?1, ∑53

 19897   5M  406 2371 (n.a.) actinopterygii (ray-finned fishes)  300 P959, ?256, ∑1515 47  P1207, ?252, ∑1506 162 P373, ?28, ∑563 193 P347, ?10, ∑550 154 P1305, ?252, ∑1711 662 P829, ?248, ∑1739 667 P710, ?206, ∑1583 670 P701, ?201, ∑1572 91  P1542, ?234, ∑1867 90  P1720, ?264, ∑2074 276 P1525, ?227, ∑2028 157 P1537, ?203, ∑1897 0 P1518, ?262, ∑1780 44 P1561, ?256, ∑1861

 2   30k  2 18 (4) coelacanthimorpha (lobe-finned fishes)  1  P15, ?0, ∑16 2  P12, ?0, ∑14 1  P12, ?0, ∑13 2  P4, ?0, ∑6 2  P12, ?0, ∑14 3  P12, ?0, ∑15 3  P11, ?0, ∑14 3  P11, ?0, ∑14 3  P14, ?0, ∑17 3  P14, ?1, ∑18 2  P15, ?0, ∑17 1  P16, ?0, ∑17 0 P14, ?0, ∑14 0  P14, ?0, ∑14

 6   693  0 6 (-8) dipnoi (lungfishes)  1  P3, ?0, ∑4 1  P3, ?0, ∑4 0  P4, ?0, ∑4 0  P4, ?0, ∑4 0  P4, ?0, ∑4 2  P2, ?0, ∑4 2  P2, ?0, ∑4 2  P2, ?0, ∑4 0  P4, ?0, ∑4 0  P4, ?0, ∑4 0  P4, ?0, ∑4 0  P4, ?0, ∑4 0 P4, ?0, ∑4 0  P4, ?2, ∑6

 6004   415k  22 116 (102) amphibia  26  P77, ?1, ∑104 17  P87, ?0, ∑104 6  P58, ?0, ∑64 6  P20, ?0, ∑26 0  P86, ?5, ∑91 28  P53, ?5, ∑86 28  P41, ?5, ∑74 28  P48, ?5, ∑81 9  P92, ?1, ∑102 9  P97, ?3, ∑109 9  P96, ?1, ∑106 8  P95, ?1, ∑104 0 P100, ?1, ∑101 4  P96, ?1, ∑101

 9600   6M  310 1179 (n.a.) aves (birds)  145 P383, ?5, ∑533 131 P543, ?5, ∑679 108 P530, ?0, ∑638 190 P348, ?0, ∑538 134 P566, ?3, ∑703 191 P443, ?8, ∑642 192 P395, ?4, ∑591 192 P393, ?4, ∑589 0  P822, ?7, ∑829 0  P924, ?7, ∑931 155 P811, ?3, ∑969 112 P891, ?3, ∑1006 0 P830, ?7, ∑837 1  P831, ?7, ∑839

 24   141k  8 63 (49) crocodylia (crocodiles)  7  P46, ?0, ∑53 5  P52, ?0, ∑57 4  P35, ?0, ∑39 6  P21, ?0, ∑27 7  P46, ?0, ∑53 17  P40, ?0, ∑57 17  P35, ?0, ∑52 17  P29, ?0, ∑46 0  P57, ?0, ∑57 0  P63, ?0, ∑63 9  P54, ?0, ∑63 8  P55, ?0, ∑63 0 P53, ?0, ∑53 0  P53, ?0, ∑53

 7376   632k  36 263 (n.a.) lepidosauria (lizards & snakes)  18  P190, ?0, ∑208 20  P180, ?0, ∑200 14  P128, ?0, ∑142 20  P41, ?0, ∑61 22  P167, ?31, ∑220 91  P107, ?32, ∑230 91  P76, ?31, ∑198 91  P79, ?31, ∑201 12  P188, ?26, ∑226 12  P203, ?26, ∑241 21  P195, ?29, ∑245 9  P212, ?23, ∑244 0 P197, ?26, ∑223 28 P179, ?7, ∑214

 359   276k  25 159 (142) testudines (turtles)  14  P97, ?1, ∑112 11  P100, ?1, ∑112 9  P79, ?10, ∑98 22  P27, ?0, ∑49 13  P93, ?2, ∑108 38  P78, ?2, ∑118 38  P56, ?2, ∑96 38  P58, ?2, ∑98 13  P98, ?1, ∑112 13  P127, ?4, ∑144 12  P132, ?2, ∑146 11  P134, ?1, ∑146 0 P105, ?8, ∑113 1  P110, ?1, ∑112

 5   36k  4 18 (4) monotremata (egg-laying mammals)  2  P15, ?0, ∑17 1  P12, ?0, ∑13 3  P12, ?0, ∑15 4  P10, ?0, ∑14 1  P10, ?0, ∑11 1  P13, ?0, ∑14 1  P13, ?0, ∑14 1  P13, ?0, ∑14 0  P14, ?0, ∑14 0  P18, ?0, ∑18 4  P14, ?0, ∑18 2  P16, ?0, ∑18 0 P11, ?0, ∑11 0  P11, ?0, ∑11

 344   154k  15 54 (40) metatheria (marsupials)  9  P35, ?0, ∑44 6  P35, ?0, ∑41 4  P34, ?0, ∑38 10  P13, ?0, ∑23 6  P34, ?0, ∑40 5  P39, ?0, ∑44 5  P24, ?0, ∑29 5  P24, ?0, ∑29 5  P38, ?0, ∑43 5  P49, ?0, ∑54 4  P50, ?0, ∑54 5  P49, ?0, ∑54 0 P36, ?0, ∑36 0  P40, ?0, ∑40

 4924   7M  1010 2577 (n.a.) eutheria (placentals)  298 P850, ?11, ∑1159 232 P909, ?15, ∑1156 221 P651, ?2, ∑874 258 P456, ?0, ∑714 298 P1452, ?12, ∑1762 484 P1040, ?11, ∑1535 491 P1010, ?11, ∑1512 491 P1010, ?11, ∑1512 302 P1652, ?13, ∑1967 301 P1730, ?13, ∑2044 199 P1615, ?12, ∑1826 203 P1799, ?12, ∑2014 0 P1913, ?16, ∑1929 0  P1829, ?13, ∑1842

 225   45k  4 7 (-7) tardigrada (water bears)  0  P1, ?3, ∑4 0  P3, ?1, ∑4 0  P2, ?0, ∑2 0  P1, ?0, ∑1 0  P2, ?0, ∑2 0  P0, ?4, ∑4 0  P0, ?6, ∑6 0  P0, ?3, ∑3 0  P4, ?0, ∑4 0  P3, ?1, ∑4 0  P2, ?2, ∑4 0  P4, ?0, ∑4 0 P3, ?1, ∑4 0  P2, ?1, ∑3

 96   1k  1 0 (0) onychophora (velvet worms)  

 223   1k  0 0 (0) pycnogonida (sea spiders)  

 11020   912k  42 95 (81) arachnida (spiders)  2  P21, ?6, ∑29 0  P26, ?4, ∑30 0  P23, ?2, ∑25 0  P7, ?2, ∑9 2  P25, ?25, ∑52 17  P8, ?28, ∑53 19  P8, ?26, ∑53 17  P8, ?22, ∑47 0  P38, ?18, ∑56 0  P36, ?18, ∑54 1  P17, ?21, ∑39 1  P17, ?5, ∑23 0 P18, ?34, ∑52 1  P33, ?34, ∑68

 5   32k  5 22 (8) xiphosura (horseshoe crabs)  0  P6, ?3, ∑9 0  P6, ?1, ∑7 0  P7, ?3, ∑10 0  P3, ?2, ∑5 0  P7, ?10, ∑17 7  P0, ?11, ∑18 7  P0, ?11, ∑18 7  P0, ?11, ∑18 0  P7, ?11, ∑18 0  P7, ?11, ∑18 0  P7, ?4, ∑11 0  P2, ?0, ∑2 0 P6, ?11, ∑17 0  P7, ?11, ∑18

 1150   8k  1 1 (-13) myriapoda (millipeds)  0  P0, ?1, ∑1

 11723   1M  45 68 (54) crustacea  0  P14, ?14, ∑28 0  P16, ?12, ∑28 1  P7, ?7, ∑15 0  P6, ?9, ∑15 0  P8, ?11, ∑19 5  P8, ?18, ∑31 6  P8, ?21, ∑35 5  P7, ?14, ∑26 2  P12, ?29, ∑43 2  P10, ?28, ∑40 3  P9, ?16, ∑28 1  P9, ?11, ∑21 0 P6, ?29, ∑35 2  P10, ?16, ∑28

 123334   6M  797 630 (n.a.) hexapoda (insects)  20  P91, ?138, ∑249 4  P105, ?131, ∑240 1  P45, ?37, ∑83 2  P23, ?17, ∑42 3  P63, ?160, ∑226 62  P60, ?177, ∑299 75  P72, ?231, ∑378 48  P45, ?140, ∑233 5  P134, ?212, ∑351 5  P110, ?180, ∑295 19  P23, ?106, ∑148 4  P42, ?57, ∑103 0 P37, ?269, ∑306 4  P114, ?279, ∑397

 32   225  0 0 (0) nematomorpha (horsehair worms)  

 3745   1M  194 45 (31) nematoda (roundworms)  0  P0, ?35, ∑35 0  P0, ?11, ∑11 0  P1, ?22, ∑23 0  P0, ?21, ∑21 0  P0, ?4, ∑4 0  P0, ?2, ∑2 0  P0, ?24, ∑24

 7   19k  1 1 (-13) priapulida (penis worms)  1  P0, ?0, ∑1 0  P1, ?0, ∑1 0  P1, ?0, ∑1 0  P1, ?0, ∑1 0  P1, ?0, ∑1 0  P1, ?0, ∑1 0 P1, ?0, ∑1 0  P1, ?0, ∑1

 1   1  0 0 (0) loricifera  

 62   96  0 0 (0) kinorhyncha (mud dragons)  

 58   1k  0 0 (0) chaetognatha (arrow worms)  

 350   1k  2 1 (-13) bryozoa (moss animals)  0  P0, ?1, ∑1

 26   123  0 1 (-13) entoprocta  0  P0, ?1, ∑1

 2   38  0 0 (0) cycliophora (symbion)  

 3616   79k  8 6 (-8) annelida (segmented worms)  0  P0, ?3, ∑3 0  P2, ?2, ∑4 0  P1, ?1, ∑2 0  P1, ?1, ∑2 0  P1, ?2, ∑3 0  P0, ?3, ∑3 0  P0, ?3, ∑3 0  P0, ?3, ∑3 0  P1, ?2, ∑3 0  P1, ?1, ∑2 0  P0, ?3, ∑3 0  P1, ?1, ∑2 0 P1, ?1, ∑2 0  P1, ?2, ∑3

 14931   630k  55 32 (18) mollusca  1  P5, ?6, ∑12 0  P8, ?0, ∑8 0  P5, ?3, ∑8 0  P1, ?4, ∑5 0  P2, ?1, ∑3 2  P3, ?9, ∑14 2  P3, ?9, ∑14 2  P3, ?5, ∑10 0  P10, ?6, ∑16 0  P5, ?6, ∑11 0  P2, ?16, ∑18 1  P7, ?4, ∑12 0 P9, ?6, ∑15 0  P10, ?4, ∑14

 272   2k  1 0 (0) nemertea (ribbon worms)  

 86   35k  1 5 (-10) brachiopoda (lamp shells)  0  P1, ?0, ∑1 0  P1, ?0, ∑1 0  P0, ?1, ∑1 0  P1, ?0, ∑1 0  P1, ?0, ∑1 0  P1, ?0, ∑1 0  P1, ?0, ∑1 0  P1, ?1, ∑2 0  P1, ?0, ∑1 0  P1, ?2, ∑3 1  P0, ?0, ∑1 0 P1, ?0, ∑1 0  P1, ?0, ∑1

 13   182  1 0 (0) phoroniformea (horseshoe worms)  

 134   271  0 0 (0) gastrotricha (hairybacks)  

 4732   616k  55 0 (0) platyhelminthes (flatworms)  

 21   50  0 0 (0) gnathostomulida (jaw worms)  

 1   2  0 0 (0) micrognathozoa  

 246   60k  19 3 (-12) rotifera (wheel animals)  1  P0, ?0, ∑1 0  P1, ?0, ∑1 0  P1, ?1, ∑2 0  P1, ?0, ∑1 0  P1, ?0, ∑1 0  P1, ?0, ∑1 0  P1, ?1, ∑2 0  P1, ?0, ∑1 0  P1, ?0, ∑1 0 P1, ?0, ∑1 0  P1, ?0, ∑1

 4   9k  1 1 (-13) orthonectida  0  P0, ?1, ∑1

 24   161  1 0 (0) dicyemida  

• Analysis performed: 200805_065012
• Analyzed sequences (hits resulting from 714 blast searches, 51 animal groups x 14 query sequences):68459 (out of which unique: 8056, programmatically recognized as VEGF/PDGF family members: 90.0%).
• The tree background color indicates the presence of the proteins with the corresponding color according to our hypotheses.
• The red-to-white background of the table indicates a heuristic reliability of the results, where a brighter color indicates a higher reliability. This is calculated using the number of fully sequenced genomes, the number of species in the phylum and the number of protein sequences available for that phylum.
• The numbers in the table denote the number of: orthologs found (black), P = paralogs found, ? = homologs found, whose relationship could not be programmatically determined, ∑ = total homologs found.
 

Force topology is enabled!
Branch lengths do not represent real values.

Figure 1. Alignment of VEGF-C orthologs Figure 2. VEGF occurences in the major animal phyla Figure 3. Earliest VEGFs likely resembled VEGF-C Figure 4. VEGF evolution
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