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Evolution and development

1. Embryo’s vertellen je iets over evolutie.



Ernst Haeckel: 1834-1919: De ontogenie herhaalt de fylogenie
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Evolution and development

1. Embryo’s vertellen je iets over evolutie.



The search for homologous genes is quite futile
except in very close relatives.
Ernst Mayr, 1963



Evolution and development

1. Embryo’s vertellen je iets over evolutie.
2. Evo-devo onthult diepe homolgieén.



Ogen in Arthropoden, Mollusken and gewervelden zijn nie t homoloog...
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...maar staan allemaal onder controle van Pax6

Pax6 mutants in mice and flies



Ectopische expressie van Pax6 leidt tot ectopische ogen

Courtesy of Dr. W, Gehring, University of Basel.
Noncommercial, educational use only.



Distalless expressie in protostomen and deuterostomen

Evolution: Panganiban ef al, Proc. Nail. Acad. Sci. USA 94 (1997} 5163

FiG. 1. THi expression in representative protostomes. (o) Lateral view of 2 Late stage Preciy cosnia butter fly embryo stained with the DI antibody.
Arrows () point to the distal tips of the Jeft abdominal prolegs. DI expression is detected in central nervous system in the brain (br) and in the
wentral nerve cord (»). (b) Higher magnification image of abdominal profegs (-+) from an embryo similar o that shown in‘a. {c) Ventral view
of a late stage Peripaogss copensis onychophoran embrye stained with the DM antibody. The antennae {ant), oral papilia (=) and lobopods express
DL The lobopods shown in higher magnification in e are indicated with -». (d) Right halves of two segments from a young F. capensis embryo
stained with the DN antibody. [ME expression is detected in the ectoderm of the presumptive lobopods prior to the formation of visible buds. (&)
Higher magnification view of the lobopods indicated in d. (+) The newrogenic ectoderm, which also expresses DIL (fy Polychaeie annelid
Chasroprerus variopedaas, veniral view of larva just prior to metamorphosis. DI expressing cells are visible in parapodial rsdiments (-+), aniennae
(out of focus on opposite dorsal surface, (=), prospective feeding organs (0}, and in the neurogenic ectoderm (+). (z) Crariopedeies, same spacimen
at o higher magnification, showing DIl reactive ectodermal noclei in prospective distal cells of the anterior parspodia (-} and in the neurogenic
region { «). {#} Later siage . variopedarus larva show ing staining in distal portions of two enterior parapodia (—+ ). Anterior is to the left in all panels,

Bars = (L1 mm_}

5164 Evolution: Panganiban et al.

Fic. 2. DIl expression in representative deuterostomes. (a) Nine-
day mouse embryo stained with the DIl antibody. Arrows (=) point to
medial border of cells expressing one or more Dilx genes in the
presumptive forelimb. DIx expression can be detected in developing
mouse limbs as the bud forms from the flank, and somewhat earlier
than previously reported for mice or other vertebrates (6-11). (b)
Higher magnification view of the forelimb indicated in A. (¢) Dorsal
view of the forelimb of a 10-day mouse embryo stained with the DIl
antibody. (») The position of the apical ectodermal ridge. (d) Three-
day Molgula occidentalis ascidian larva from which an ampulla is
extending. Cells at the distal tip of the ampulla express DIl (). (e)
Higher magnification view of the ampulla shown in d. (f and g)
Metamorphosing Strongylocentrotus droebachiensis sea urchin larvae
stained with DIl antibody. Cells at the distal tip of the tube feet ()
express DIl prior to (f) and during (g) extension from the body wall.
(h) Higher magnification view of a tube foot (=) and spines (») from
an 8. droebachiensis larva similar to that shown in g. Cells at the distal
tip of the developing spines, as well as the tube feet express DIL
(Bars = 0.1 mm.)



Evolution and development

1. Embryo’s vertellen je iets over evolutie.
2. Evo-devo onthult diepe homolgieén.



Evolution and development

Embryo’s vertellen je iets over evolutie.
Evo-devo onthult diepe homolgieén.

Evo-devo zoekt de genetische en
ontwikkelingsbiologische basis van
evolutionaire veranderingen.



Grimaldi & Engel 2005
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cis-regulatory evolution



Tribollum castaneum
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cis-regulatory evolution



The industrial melanism mutation in British
peppered moths

Arjen E. van’t Hof'*, Pascal Campagne'*, Daniel J. Rigden', Carl ]. Yung', Jessica Lingley', Michael A. Quail%, Neil Hall!,
Alistair C. Darby' & Ilik J. Saccheri'
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*These authors contributed equally to this work.
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Using Protein Homo sapiens DLX5 0]
Quick Start Guide Bos taurus homeobox protein DLX-5 G
Danio rerio homeobox protein Dix1a
Dianio rerio homeobox protein Dix2b
Help Dianio rerio homeobox protein Dix5a t
GenBank FTP Home sapiens homeobox protein DLX-2 St
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AUTHORS

TITLE
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22091935 255 aa linear PRI 24-DEC-2003
transcription factor DLX1 [Homo sapiens].

22091935

AR091935.1

accession AYZ257976.1

Homo =sapiens (human)

Home =apiens

Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Eutelecstomi;
Mamm=zlia; Eutheria; Euarchontoglires; Primates; Haplorrhini;
Catarrhini; Hominidae; Homo.

1 {resziduez 1 to 255)

Chika,5., Takeshita,®., Imai,¥Y., Kumanc,E., Eurckawa,M., Masuda, 5.,
Shimizu,K., Nakamura, 5., Ruddle,F.H. and Hirai,H.

Homeoprotein DILX-1 interacts with Smad4 and blocks a signaling
pathway from activin A in hematopcietic cells

Proc. Hatl. Rcad. Seci. ULS5.A. 100 (26), 15577-155B2 (2003)
14671321

2 (residue=s 1 to 255)



unique identifier

C>NP_835221. 2 ljorreobox protein DLX-1 isoform 1 [Hono sapi ens]
VSGKAVFVEFGPPNQQVEPSPMSHGHY SMHCL HSAGHSQPDGAYSSASSFSRPL GYP
YVNSVSSHASSPYI SSVQSYPGSASL AQSRL EDPGADSEKSTVWEGGEVRFNGKGKKI RKPRTI YSSLQL

QALNRRFQQTQYLAL PERAELAASL GLTQTQVKI WFONKRSKFKKL MKQGGAAL EGSAL ANGRAL SAGSP
PVPPGANPNSSSGKGSGENAGSY! PSYTSWPSAHQEAMUOQPQLM

Maak er een handige naam van:

>MensDi st al | ess

MI'MT TMPESL NSPVSGKAVFMEFGPPNQQVEPSPMSHGHY SMHCL HSAGHSQPDGAYSSASSFSRPL GYP
YVNSVSSHASSPYI SSVQSYPGSASL AQSRL EDPGADSEKSTVWEGGEVRFNGKGKKI RKPRTI YSSLQL
QAL NRRFQQT QYLAL PERAEL AASL GL TQTQVKI WFQNKRSKFKKL MKQGGAAL EGSAL ANGRAL SAGSP

PVPPGANPNSSSGKGSGENAGSYI PSYTSWPSAHQEAMUOQPQLM
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Abbreviations for amino acids

Armino acid

Alanine

Arginine

Asparagine

Aspartic acid

Asparagine or aspartic acid
Cysteine

Glutamine

Glutamic acid

Glutamine or glutamic acid
Glycine

Histidine

Isoleucine

Leucine

Lysine

Methionine

Phenylalanine

Proline

Serine

Threoning

Tryptophan

Tyrosine

Valine

Three-letter
abbreviation

One-letter

symbol

Ala
Arg
Asn
Asp
Asx
Cys
Gin
Glu
Glx
Gly
His
lle
Leu
Lys
Met
Phe
Pro
Ser
Thr
Trp
Tyr
Val
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score score
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[] DLXE isoform 1 [Pan troglodytes] 231 23
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[] weniral anterior homeobox 1 isoform X1 [Fan troglodytes]

[] diencephalonmesencephalon homeobox protein 1 isoform X1 [Pan troglodytes]

= Alignments

BlDownload +~ GenPept Graphics

homeobox protein DLX-1 [Pan troglodytes]
sequence ID: XP_ 0094420391 Length: 255 Number of Matches: 1
b See 1 more title(s)
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>NP_835221. 2 honeobox protein DLX-1 isoform 1 [Honp sapi ens]

MTMT TMPESLNSPVSCGKAVFNMEFGPPNQQVSPSPMSHGHY SMHCL HSAGHSQPDGAY SSASSFSRPLGYP
YVNSVSSHASSPYI SSVQSYPGSASL AQSRL EDPGADSEKSTVWEGGEVRFNGKGKKI RKPRTI YSSLQL
QALNRRFQQTQYLALPERAEL AASL GL TQTQVKI WFONKRSKFKKL MKQGGAAL EGSAL ANGRAL SAGSP
PVPPGNNPNSSSGKGSGGNAGSYI PSYTSWPSAHQEAMQOQPQLM

>XP_009442039. 1 honeobox protein DLX-1 [Pan trogl odytes]

MTMT TMPESL NSPVSCGKAVFNMEFGPPNQQVSPSPMSHGHY SMHCL HSAGHSQPDGAY SSASSFSRPLGYP
YVNSVSSHASSPYI SSVQSYPGSASL AQSRL EDPGADSEKSTVWEGGEVRFNGKGKKI RKPRTI YSSLQL
QALNRRFQQTQYLALPERAEL AASL GL TQTQVKI WFONKRSKFKKL MKQGGAAL EGSAL ANGRAL SAGSP
PVPPGANPNSSSGKGSGGNAGSYI PSYTSWPSAHQEAMQOQPQLM

O, net handi ge nanen:

>MensDi st al | ess

MTMT TMPESL NSPVSGKAVFVEFGPPNQQVEPSPMSHGHY SIVHCL HSAGHSQPDGAY SSASSFSRPLGYP
YVNSVSSHASSPY| SSVQSYPGSASL AQSRL EDPGADSEKSTVVEGGEVRFNGKGKKI RKPRTI YSSLQL
QALNRRFQQTQYLALPERAELAASL GL TQTQVKI WFQNKRSKFKKL MKQGGAAL EGSAL ANGRAL SAGSP
PVPPGANPNSSSCKGSGGENAGSYI PSYTSWYPSAHQEAMQQPQLM

>Chi npanseeDi stal | ess

MTMT TMPESL NSPVSCGKAVFNMEFGPPNQQVSPSPMSHGHY SMHCL HSAGHSQPDGAY SSASSFSRPLGYP
YVNSVSSHASSPYI SSVQSYPGSASL AQSRL EDPGADSEKSTVWEGGEVRFNGKGKKI RKPRTI YSSLQL
QALNRRFQQTQYLALPERAEL AASL GL TQTQVKI WFONKRSKFKKL MKQGGAAL EGSAL ANGRAL SAGSP
PVPPGNNPNSSSGKGSGGNAGSYI PSYTSWYPSAHQEAMQOQPQLM



Gewervelden (bijvoorbeeld):
Koe: Bos taurus

Kip: Gallus gallus

Kikker: Xenopus laevis
Zebravis: Danio rerio

>Mens

MIMI TMPESLNSPVSGKAVFMEFGPPNQQVSPSPMSHGHY SMHCL HSAGHSQPDGAY SSASSFSRPL GYPYVNSVSSHASSPY| SSVQSYPGSASL AQSRLEDP
GADSEKSTVVEGGEVRFNGKGKKI RKPRTI YSSLQLQALNRRFQQTQYLAL PERAEL AASL GL TQTQVKI WFQNKRSKFKKL MKQGGAAL EGSALANGRAL SAG
SPPVPPGANPNSSSGKGSGENAGSYI PSYTSWYPSAHQEAMQOQPQLM

>Chi npansee

MTMT TMPESL NSPVSCGKAVFMEFGPPNQQVSPSPMSHGHY SMHCL HSAGHSQPDGAY SSASSFSRPL GYPYVNSVSSHASSPYI SSVQSYPGSASLAQSRLEDP
GADSEKSTVVEGGEVRFNGKGKKI RKPRTI YSSL QL QALNRRFQQTQYLAL PERAEL AASL GL TQTQVKI WFONKRSKFKKL MKQGGAAL EGSALANGRAL SAG
SPPVPPGANPNSSSGKGSGENAGSY! PSYTSWPSAHQEAMUQPQLM

>Koe

MIMI TMPESLNSPVSGKAVFMEFGPPNQQVSPSPMSHGHY SMHCL HSAGHSQPDGAY SSASSFSRPL GYPYVNSVSSHASSPY| SSVQSYPGSASL TQSRLEDP
GADSEKSTVVEGGEVRFNGKGKKI RKPRTI YSSLQLQALNRRFQQTQYLAL PERAEL AASL GL TQTQVKI WFQNKRSKFKKL MKQGGAAL EGSALANGRAL SAG
SPPVPPGANPNSSSGKGSGGSAGSYI PSYTSWYPSAHQEAL QQPQLM

>Ki p

M MT TMPESL NSPVSCGKAVFMEFGPPGCQQVISPSPMSHCGHY SMHCL HSAGHSQPDSAYSTASSFSRPL GYPYVNSVSSHSGNPYI SSVQPYPNSSGLAQPRLEET
GAESEKSTVVEGGEVRFNGKGKKI RKPRTI YSSL QL QAL NRRFQQTQYLAL PERAEL AASL GL TQTQVKI WFQNKRSKFKKL MKQGGAAL ESGAL SNGRAL SGG
SPPVPAVWMNT SSASGKASSGSAGTY! PSYTSWYPSAHQEAMQQPQLM

>Ki kker

MMIMT TMADGL EAQDSSKSAFVEFGQQASHSQQSSPVYMAAGHYPSL HCL HSGSHHHPOQHOHDTNYSGSNSYSRSL AAYPYMSHSQHSPYL QSCNSNTTTQSRAE
EPDQOKTTVI ENGElI RFNGKGKKI RKPRTI YSSL QL QAL NHRFQQTQYLALPERAELAASL GVTQTQVKI WFONKRSKYKKLI KQGNNPLEI DQLAGTVALSPR
SPAI PPVWDVSASKGVSMAPNSYMPGY SHWY SSPHQDTMORSQVMVI

>Zebravi s

MIVBTI PESLNSPVSGKSVFVEFGPPSQQVEPSSMIHGHY SIVHCL HSSGHPQHDSAY SPAPSFPRSL PYPYVNSVGSHSSSPYL STVQT YPNNSALAQTRLEDP
APESEKNTVVEGGEVRFNGKGKKI RKPRTI YSSLQLQALNRRFQQTQYLAL PERAEL AASL GL TQTQVKI WFQNKRSKFKKL MKQGGGTI DTNALANGRGLSTG
SPSVAPWWTTATVKTSTPTSYI PSYTSWYPTAHQDTMQQPQLM
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File Edit View Favorites Tools Help

X @Corwert - @Se#ect
1 Pitx [Clyfia hemisphaercal

[ 1 dachsous protocadhenn [Clytia hemisphaerical

(= Alignments

BlDownload ~ GenPept Graphics

DI distalless homeodomain protein [Clytia hemisphaerica]
Sequence ID: ACMEZT26 1 Length: 352 MNumber of Matches: 1

Range 1: 191 to 264 GenPept Graphics

Score Expect Method
110 bits(276) 1e-321 Compositional matrix adjust.

Identities Positives Gaps
51/74(69%) 63/74(85%) 1,/74(1%)

cuery 122 NGRGEEI-REFRTIYSSLOLOATNRRFOQTOYTAT.PERAFTALSTLELTOTOVEIWFONER

180
NGEE E+ REPRTI++S QL+ LNE F+H+T YL+ALPERAELA +LGLTOTCHEREIWFPONER

Sbjct 191 NGRGGELFREFRTIFTSOCOLRELNRAFERTHYLSLPERAFELAHATGLTOTOIRIWFONER 250

Query 181 SKFRELMEOGGAAL 194
SEFFF++RE G +
Shjct 251 SEFRRIIRANGGOM 264

[BDownload ~ GenPept Graphics

D2 distalless homeodomain protein, partial [Clytia hemisphaenca]
Sequence ID: ACMEZ727 1 Length: 195 Mumber of Matches: 1

Range 1: 2 to 51 GenPept Graphics

Score Expect Method Identities Positives GCaps
01.7 bits(226) 1e-25 Compeositional matrix adjust.  40/50(80%) 44/50(88%:) 0/50{0%)
Cuery 143

INRRFOOTOYLATLPERARTAAST.SLTOTOVRIWFONERSEFEEIMEOGGA 1592
LNEEF +TOYLATLPERAELARA T, LTOTO+HEIWFONERSE EE+H+HE G5
INREFSETCYLATLPERARLARFRTINLTOTQIRIWFONEESELERIVESGEY 351

Sbijct 2



De uiteindelijke fasta-file.

>Mens
MI'MTTMPESLNSPVSGKAVFVEFGPPNQQVEPSPNBHGHYSIVHCL HSAGHSQPDGAY SSASSFSRPLGYPYVNSVSSHASSPYI SSVQSYPGSASL AQSRLEDPGADSEKSTVWWEGCGEVRFNGKGKKI RKPRTI YSSLQL
QALNRRFQQTQYLALPERAEL AASL AL TQTQVKI WFONKRSKFKKL MKQGGAAL EGSAL ANGRAL SAGSPPVPPGANPNSSSGKGSGANAGSYI PSYTSWPSAHQEAMUQPQLM

>Chi npansee
MIMI' TMPESL NSPVSGKAVFVEFGPPNQQVEPSPMSHGHYSMHCL HSAGHSQPDGAY SSASSFSRPL GYPYVNSVSSHASSPYI SSVQSYPGSASL AQSRLEDPGADSEKSTWEGGEVRFNGKGKKI RKPRTI YSSLQL
QALNRRFQQTQYLAL PERAEL AASL GL TQTQVKI WFONKRSKFKKL MKQGGAAL EGSAL ANGRAL SAGSPPVPPGANPNSSSGKGSGGANAGSY! PSYTSWYPSAHQEAMQOQPQLM

>Koe
MI'MTTMPESLNSPVSGKAVFVEFGPPNQQVEPSPNBHGHYSIVHCL HSAGHSQPDGAY SSASSFSRPL GYPYVNSVSSHASSPYI SSVQSYPGSASL TQSRLEDPGADSEKSTVWEGCGEVRFNGKGKKI RKPRTI YSSLQL
QALNRRFQQTQYLALPERAEL AASL AL TQTQVKI WFONKRSKFKKL MKQGGAAL EGSAL ANGRAL SAGSPPVPPGANPNSSSGKGSGGSAGSYI PSYTSWPSAHQEAL QQPQALM

>Ki p
MIMI'TMPESLNSPVSGKAVFVEFGPPGCQQVEPSPIVBHGHY SMHCL HSAGHSQPDSAYSTASSFSRPL GYPYVNSVSSHSGNPYI SSVQPYPNSSALAQPRL EETGAESEKSTVWEGGEVRFNGKGKKI RKPRTI YSSLQL
QALNRRFQQTQYLALPERAEL AASL GL TQTQVKI WFONKRSKFKKL MKQGGAAL ESGAL SNGRAL SCGGSPPVPAVWNT SSASGKASSGSAGT YT PSYTSWPSAHQEAMQQPQLM

>Ki kker
MMIMITMADGL EAQDSSKSAFMVEFGQQOSHSQESPVVAAGHYPSL HCL HSGSHHHPQHQHDTNYSGSNSYSRSLAAYPYNMSHSQHSPYL QSCNSNTTTQSRAEEPDQOKTTVI ENGEl RFNGKGKKI RKPRTI YSSLQL
QALNHRFQQTQYLALPERAELAASL GVTQTQVKI WFONKRSKYKKL I KQGNNPLEI DQLAGTVALSPRSPAI PPVWADVSASKGVSMAPNSYMPGYSHW SSPHQDTMORSQVM

>Zebravi s
MINMSTI PESLNSPVSGKSVFVEFGPPSQQVBPSSMIHGHY SMHCL HSSGHPQHDSAY SPAPSFPRSL PYPYVNSVGSHSSSPYL STVQT YPNNSAL AQT RLEDPAPESEKNTWEGGEVRFNGKGKKI RKPRTI YSSLQL
QALNRRFQQTQYLALPERAELAASL GL TQTQVKI WFONKRSKFKKL MKQGGGTI DTNALANGRGLSTGSPSVAPWWT TATVKTSTPTSYI PSYTSWPTAHQDTMOQPQLM

>Zeest er
GKKLRKPRTI YSSLQL QKLNHRFTKTQYLAL PERADLAASL AL TQTQVKI WFONRRSKYKKI LKQHGSTPTSSTGSQDPEQDPPQSHTPASQQGSL SPAPPPTSAPHPQGT PTVSGPSSTAEL GSACY SSQRHVPSHHHHH
HHPHHQVPTDGSSTHSSPVPPWDYVGDI FTPPAVRSSSGTVDNNYPFHQQHY QHHHYPW-GGQDGT SAVBAQERHMLASAPSVDKTI LQLAKECDFL EL KNAFHTNA

>Annel i de

MTLEKGYSM.NVAGSGEGL GPDQDVSKSAFMEI QQQAVNASMNPYAI RGGYPGNAGQVEGFPGQQTRGHI GYPFSMTPMGSHGT YNPTSYHHFSAPGYQT SAPSVTPPTSRESMYDLPNYYSSYDKLENKY! YRKGLFED
SPPNSDEKPSNMDEL RVNGKGKKMRKPRTI YSSLQLQQLNKRFQRTQYLALPERAELAASL GLTQTQVKI WFONRRSKYKKL MKQNPG GGPGGAQNGPPIVDQGGAVEPPPTHT PTSTGQAPTPSPQGAQGPPPXNGOPNGP
HHGHAGAHGAGHGANPAT PSMMGGPPPNSVBPPVSWGAASDFQL KSEI NCSSNSTNSTPTPTHNTYNMSQYPW SONPLAAQOHSLLT

>Qest er

M_NVGSVEGVEQENMAGKSAFMEL QQSGCAVPMEHPAYPMRSS Y QPPHHGGHGESVF SNPQGRGPLAGYPFHWNAVEPTAYNPSSGHHFSMPPYQSPSPTRDDKSQVDEL Rl NGKGKKVRKPRTT YSSLQLQQLNRRFQRT
QYLALPERAELAASL G TQTQVKI WFQNRRSKAKKI VKQGGTPPGPNQQPPTPVTSPPANQOMPPSSPVQHSPPT SNTHAHT PHQQL PPNGL KMEAPEQQHNL MVSPSSSASPEPENHWADHVSGMIT SSHHAHASQPYM
SMPSMPPSSSMVPSGVPVBYYHSAWY SQPMYNQQSCLT

>Fruitvlieg

MDAPDAPHT PKYNMDGGNTAASVTPGA NI PGKSAFVEL QQHAAAGYGGE RSTYCQHFGPQGEQDSGHFPSPRSAL GYPFPPVHQNSYSGYHL GSYAPPCASPPKDDFS| SDKCEDSGL RVNGKGKKMRKPRTI YSSLQLQQLN
RRFQRTQYLAL PERAEL AASL AL TQTQVKI WFQNRRSKYKKMVKAAQGPGT NSGVPL GBEGEPNPCHSPNQVHSGGNNGGEGSNSGSPSHYL PPGHSPTPSSTPVSEL SPEFPPT G SPPTQAPWDQKPHW DHKPPPQMT
PQPPHPAAT L HPQT HHHNPPPQVIGGYVPQYWY QPETNPSLVTVWPAV

>Kwal

M EMKMSPHQQAVL SQQVPNVESFLPPSKAPEAYRPLNYTPTSFVTNFKEMSQQ DSNNNNNNNNNPHESEGKFSPRPAT QF SPMGEDL RSHPSTQDTHPFKT FDDSKSFLNNNTPNGSMPEQDSI SSSLQSFHSSGLPTS
YTSSYNNNSMITTLSSPSSI TSNVBRSFSSSSYVKQESDEEDEGDL TQSKNGKGEKL PRKPRTI FTSQQLRELNRAFERTHYLSLPERAELAHAL GLTQTQ Kl WFONKRSKFKKI | KANGGQVPPPSSLVSGGENPGLWP
SGYGEKSFGGEPPMPHL SPFSPPPSSHSSVPGDSWYYRMBSAGGYGSHETMFPYGGT SGTDVRT TRPNFSYHM
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# EMBL-EBI Services Research Training Industry About us Q,

Clustal Omega

Input farm Web services ‘ Help & Documentation ‘ Bioinformatics Tools FAG ‘

Tools = Multiple Sequence Alignment = Clustal Omega

Multiple Sequence Alignment

Clustal Omega is a new multiple sequence alignment program that uses seeded guide trees and HMM profile-profile techniques to gel
or more sequences. For the alignment of two sequences please instead use our pairwise sequence alignment tools.

Important note: This tool can align up to 4000 sequences or a maximum file size of 4 MB.
STEP 1 - Enter your input sequences

Enter or paste a set of

PROTEIN

sequences in any supported format:

=hens
MTMTTMPESLNSPVSGKAVEMEFGPPNQOMSPSPMSHGHY SMHCLHSAGHSQPDGAY SSASSFSRPLGYP
YWNSYSSHASSPYISSVAQSYPGSASLAQSRLEDPGADSEKS TWEGGEVRFNGKGKKIRKPRTIYSSLAQL
QALNRRFQAQTQYLALPERAELAASLGLTOQTAQVKIWFONKRSKFKKLMKQGGAALEGSALANGRALSAGSP
PVYPPGWNPNSSSGKGSGGNAGSYIPSYTSWYPSAHQEAMQQPQLM

=Chimpansee
| RATRAT TRANDC Ol BTN O AT RAAC T DAL R A DS DR A S L LW O R AL LI AT LI MDD AW OO A C T O N

Or, upload a file: Browse... Use a example sequence | Clez



Oester

Ewal
Zeester
Fruitvlieqg
Eikker
Zebravis
Fip

Mans=s
Chimpansee
Foe
Annelide
Jester

Ewal
Zeester
Fruitvlieg
Eikker
Zebravis
Fip

Mans=s
Chimpanses
Foe
Annelide
Jester

Ewal
Zeester
Fruitvlieg
Eikker
Zebravis
Fip

Mans
Chimpansee
Foe
Annelide
Oester

PEQDSISSSLOSFHSSGLPTSYTSSYNNNSMQTTLSSPSSITSN-——————- MS——————
PFPEMHQNSYSGYHLG-——————————————~ SYAP—————————————————————— EC
) SQE-SPYLQ-—————=-——=—=——=——=—=—— sC
PYVNSVGS————————————=——=——— HS5-SPYLS——————=———=—=——=————=—— TV
PYVNSVSS-———————————=——=——— HSG-NPYIS—————————=——=——=——————— SV
PYVNSVS5S——————————————————— HAS-SPYIS—————————————————————— sV
PYVNSVS5S——————————————————— HAS-SPYIS—————————————————————— sV
PYVNSVS5-——————————————————— HAS-SPYIS—————————————————————— sV
PFSMTEMGSHGTYNPT-——————~ SYHHFSAPGYQTSAPSVIPPTSRESMYDLENYYSSY
PFHMNAMS-PTAYNPS-——————~ SGEHFSMPPYQSE-————-—=——————===——————~
RSF5555-¥-—--V---KQESDEEDEGDLTQ- SKNGKGGKLPREPRTIFTSQOLRELNRA
—————————————————————————————————————— GRRLREPRTIYSSLOLQELNHR
AS————————————- PERDDFSISDRCEDSGLRVNGK-GREMREFRTIYSSLOLOQLNRR
NS----NTTTQSRAE--EPDQOKTTVIENGEIRFNGK-GRKIRKEPRTIYSSLOLOALNHR

CTYPNNSALAOTRLEDEPAPESERNTVVEGGEVRFNGE-GRERIRRFRTIYSSLOLOATNRE
CPFYPNSS5GLAOPRLEETGAE SERSTVVEGGEVRFNGE-GRERIRRPRTIYSSLOLOATNRE
QEYPGEASLAOSRLEDPGADSERSTVVEGGEVRFNGE-GEREIRREPRTIYSSLOLOATNRE
CEYPGEASLAOSRLEDPGADSEESTVVEGGEVRFNGE-GEREIREPRTIYSS5LOLOATHNRRE
CEYPGEASLTOSRLEDPGADSERSTVVEGGEVRFNGE-GEREIRREPRTIYSSLOLOATHRRE
DELENEY I¥YREGLEFEDSPFPHNSD——ERPSMDELRVNGE-GEFEMEEFRTIYSSLOLOQOLNER

————————————————— SPTRD——DESOMDELRINGE-GRFMERFPRTIYSSLOLOQOLNRR
Wk ek k ke e Wk ks

FERTHYLSLPERAELAHALGLTOTOIRIWFONERSEFEETITEANGGOMPEPESS————-LVS
FrTETOY LALPERADLAASLGLTOTOVEIWPONRESEYREILEQHGSTEFTS5TGSQDPE——
FORTOY LALPERAEL AL S LGLTOTOVEIWFONRRSEYREMMEAROGPGTHSGM————PLG

FOOTOY LALPERAELAASLGVTOTOVEIWFONERSEYRELI EQGNNPLETDOLAGTVALS
FOOTOY LALPERAELAA S LGLTOTOVEIWFONERSEFEELMEQGGGTIDTNALANGRGLS
FOOTOY LALPERAELAASLGLTOTOVEIWFONERSEFEELMEQGEARTLESGALSNGRALS
P OTOY LALPERAELAASLGLTOTOVEIWFONERSEFRELMEQGGARTLEGSALANGRALS
FOTOY LALPERAELAASLGLTOTOVEIWPONERSEFEELMEQGGARTLEGSALANGRALS
PO Ty LALPERAR LA S TG L TOTOVEIWFONERSEFEELMEQGEALT EGSATANGRALS
FORTOY LALPERAEL AL S LGLTOTOVEIWFONRRSEYRELMEQNPGIGEPGCAQNGEPMD

FORTOYLALPERAELALSLGLTOTOVEIWFONRRSEAEEIMEQGGTPEPGPNOO———PPT—
Wk sk kE kW W s WR R sk H Rk sk W s

od

165

86
93
87
87
g7
g7
g7
124
96

2le
22

142
146
146
146
146
146
146
151
13e

272
=]

15h8
208
208
208
208
208
208
241
192
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Clustal Omega

Input form ‘ Web services ‘ Help & Documentation ‘ Bioinformatics Tools FAQ

Tools = Multiple Sequence Alignment = Clustal Omega

Results for job clustalo-120190109-142418-0795-79569343-p1m

m Result Summary Phylogenetic Tree Submission Details

Download Alignment File  Show Colors  ‘Wew result with Jalview  Send to Simple Phylogeny | Sen

CLUSTAL ©(1.2.4) multiple sequence alignment

Ewal MIEMEMSPHOOAVLSOVPNMSSFLEPPSEAPEAYRPLNYTPTSFVINFEEMSQOQIDSHNNN al
Zegster 00 m oo a

Fruitwvlieg -MDAPDAPHTPEYMDGGN—-——-T4———-LSVIPG—————— INIPGESAFVELOOHRLRG—— 44
Eikker === @ ——————————————————— MMTMTTMADGLEAR————QDSSESAFMEFGQOOSHS —— 31

Zebravis = ——————————————m o MTMSTIPESLNS----PVSGKSVFMEFGPPS00——— 28



# EMBL-EBI Services Research Training Industry About us Q,

Clustal Omega

Input form ‘ Web services Help & Documentation ‘ Bioinformatics Tools FAQ

Tools = Multiple Sequence Alignment = Clustal Omega

Results for job clustalo-120190109-142418-0795-79569343-p1m

Alignments  Result Summary Submission Details
Phylogenetic Tree

This is a Neighbourjoining tree without distance corrections.

Download Phylogenetic Tree Data

Branch length: ® Cladogram __{ Real
/ Kwal 0.37164

Zeester 0.22611
Kikker 0.21523
Zebravis 010773
Kip 0.05561

Mens 0
—____ Chimpansee 0
Koe 0.00631
Fruitvlieg 0.29532

Annelide 0.26272
{ Oester 0.25887




# EMBL-EBI Services Research Training Industry About us Q,

Clustal Omega

Input form ‘ Web services ‘ Help & Documentation ‘ Bicinformatics Tools FAQ

Tools = Multiple Sequence Alignment = Clustal Omega

Results for job clustalo-120190109-142418-0795-79569343-p1m

Alignments | Result Summary B h=gEsieEr  Submission Details

Phylogenetic Tree

This is a Neighbour-joining tree without distance corrections.

Cownload Phylogenetic Tree Data
Branch length: ) Cladogram ® Real

Kwal 0.37164

Feester 0.22611
Kikker 0.21523
Zebravis 010773
Kip 0.05561

Mens O
Chimpansee 0
Koe 0.00631

Fruitvlieg 0.29532

E Annelide 0.26272
Oester 0.25837
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Input form Web services Help & Documentation ‘ Bioinformatics Tools FAQ ‘

i ebravis U.10

Kip 0.05561

Mens 0
Chimpansee 0
Koe 0.00631
Fruitvlieg 0.29532
Annelide 0.26272
Qester 0.25387

Tree Data

(
Ewal:0.371lc4,
(
Zeester:0.22611,
(
Bikker:0.21523,
(
Zebravis:0.10773,
(
RKip:0.05561,
(
(
Mens:0.00000,
Chimpansee:0.00000)
:0.00545,
Foe:0.00831)
:0.04635)
0.054&2)
:0.09040)
:0.04030)
:0.01735,
(
Fruitvlieg:0.29532,
(
Annelide:0.26272,
Oester:0.23887)
:0.028€8)
:0.03671);
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Waarom?

Brengt leerlingen in contact met bioinformatica (databases,
fasta-files, etc.)

Laat zien hoe eiwitten in elkaar zitten (functionele domeinen)

Doordringt leerlingen van de diepe verbondenheid van alle
levende dieren die alleen maar door evolutie verklaard kan
worden

Laat een belangrijke fylogenetische methode zien (genetische
afstand)

Laat de taxonomische indeling van de dieren zien






Evolution and development

Embryo’s vertellen je iets over evolutie.
Evo-devo onthult diepe homolgieén.

Evo-devo zoekt de genetische en
ontwikkelingsbiologische basis van
evolutionaire veranderingen.



Evolution and development

Embryo’s vertellen je iets over evolutie.
Evo-devo onthult diepe homolgieén.

Evo-devo zoekt de genetische en
ontwikkelingsbiologische basis van
evolutionaire veranderingen.

Evo-devo bestudeert de oorsprong van novelties



The origin of insect wings
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Fig. 6 A crayfish leg
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Fig. 1 Siphlonorus sp.



Nubbin (pdm) is required for wing development

Ng et al., Development 1995



Apterous is required for wing development

A

Cohen et al., Genes & Development, 1992

Figure2. Morphological defects in ap mutants. |A] Side view of
a wild-type fly, showing the normal appearance of the wing (W1,
haltere {H), and the pattern of bristles on the dorsal thorax. (B}
Comparable view of an ap null mutant fly of genotype ap ™'/
ap¥““*_ The wing is reduced to a small stump jarrow!. The
haltere is similarly reduced (not visible in the picture). A num-
ber of large bristles imachrochaetae! are missing from the thorax
near the wing, and this region appears reduced in size relative to
the rest of the thorax. These flies are short lived and females are
nonvitellogenic.



Nubbin and Apterous is expressed in the
epipods in the shrimp Artemia fransiscana
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h g As vyell asin the.crayflsh
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2, R Artemia
o rar = 4- ’ ap
— #
'- Q'

Averof & Cohen, Nature 1997



Wings evolved from epipodites...

d

dorsal

branches
Insect. Ancestral
thoracic multibranched
appendages appendage

..that might have had a gill function
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Fig.4 Reconstruction of a Pterygote insect from fossils (Kuckalova-Peck, 1982)



Fig. 5 Schematic drawing of the leg of the same insect (Kuckalova-Peck, 1982)






Insecten hebben massaal de stap naar het land gemaakt
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The serosa

serosa
embryo
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Development of the serosa




The serosa is an evolutionary innovation of the insects
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Drosophila does not have a serosa

Drosophila melanogaster
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Drosophila eggs are very sensitive to desiccation

Table 1. The incubation periods of eggs of D. melanogaster (MDE) at different temperatures
and humidities

Vapour
Relative  pressure Mean
Temperature humdity deficit duration Mortality
(°C) (%) (hP) (h) SE (%) N
25 100 0.0 24.59 0.29 15.8 189
95 1.6 26.30 0.22 14.0 200
90 32 27.88 0.25 15.7 140
85 48 31.58 0.20 23.2 168
80 6.4 31.65 0.20 41.6 233
75 8.0 — — 100 150

N = Number of eggs hatching. SE = Standard Error. hP = Hecto Pascal.

Al-Saffar et al., 1995



The serosa is an evolutionary innovation of the insects
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zerknullt (zen) specificeert de serosa

Tribolium




Tc-zen RNAI schakelt de serosa uit

wild-type Tc-zen RNAI




Ontwikkeling na Tc-zen RNAI

wt gastrulation Te-zen1 BNAI

—— =5er054 — = amnion oo = embryo proper




Treatments
-Wild type |
-Control (non- = Collect eggs =
targeting ds RNA)
. ﬂ?‘
-Tc-zen1 RNAI Eaigesy ]

%, 20%, 50%, 65%, 75% and 90% Relative Humidit
5 5 Y

All experiments were repeated 2 to 9 times.

Chris Jacobs



Serosa-loze kevereieren drogen snel uit

100

80

Percentage of eggs hatched

——o— WildType
- - Control
—a&— Tc-2zeni

I
0 20 40 60 80 100
Relative Humidity

Jacobs, Rezende, Lamers and Van der Zee, Proc R. Soc B. 2013



De serosa scheidt een cuticula af




chitin synthasel komt tot expressie in de serosa

Tc-chs in situ

Drags

(nuclei)

chsl

In situ

Gustavo Rezende



Tc-chs1l RNAI schakelt de cuticula uit

Wildtype Ic-chsl RNAI
£
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Op hoge luchtvochtigheid, zijn de cellen van de serosa
nodig voor dorsale sluiting.
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 De serosa beschermt tegen uitdroging



SjusWwleal] <

RNA sequencing

>

kind of eggs tested
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Significantly overrepresented categories after septic
Injury in wild-type eggs

antibactenal humoral response ;
P extracellular region

reguiation of adult chitin—containing cuticle pigmentation

\r defense response to Gram-positive bacterium

innate immune response -

\ - defense response
response to methotrexate -

pheromone biosynthetic process chorion—containing eggshell formation

response 1o wounding ‘'serine-type endopeptidase activity



Genes significantly (p<0.01) upregulated after septic injury

Wildtype Control
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Upregulation of antimicrobial peptides upon septic injury

Drosophila melanogaster

Tribolium castaneum
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Upregulation of antimicrobial peptides upon septic injury

Fold Change

800

60O

200

Drosophila
d) Cecropin A1 go e} Cecropin;
(540x) 3]
&0 (7TBx)
40
201 (13x) (3x)  (68x)
{19x) (Tx) (30x)
| — ——rr | 0 - i_‘—
Adult Egg Adult Egg
9) Cecropin; h) Diptericin
. 1500 (B15x)
(122x)
1000 -
(19) (@) @ex) | O
) (95x) (17x) (70x)
0 || —_— L
Egg Aduit Cog

Tribolium
f) Cecropin 3 (375x) |
400 A
300 4
(197x)
200 -
100 4 (Bx)  {1/x)
0 r_%
Adult
1.4*10% ) coleoptencin 1
1'2o10§ {60"78!)
1,0°10%
0.8*10°
0.6*10° ]
0.4*108
0.210°  (11x) (111x) (151x)
0
Adult Egg



Antimicrobial peptides are expressed in the serosa upon septic injury
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 De serosa beschermt tegen uitdroging en
pacterien en zou wel eens een belangrijke rol

cunnen hebben gespeeld bij de verovering van
net land.




NRC Handelsblad Donderdag 20 juni & Vrijdag 21 juni 2013

Leidse bioloog brengt spectaculaire stap evolutie in beeld door onderzoek met eitjes meelkevers

‘Hoe insecten te land kwamen

bionieuws

na re International weekly journal of science

22 jumi 2013 1 jaargang 23

News & Comment

w Nature's news |

Waterproof eggs let insects conquer dry land

Membrane that protects eggs from drying out freed critters from need to stay close to

water.

Ed Yong

19 June 2013

Insects were among the first animals to invade the
land around 400 million years ago, and they have
diversified so greatly that they now account for
three-quarters of all animal species

-

This success, according to a new study, depended
to a great extent on the serosa — a membrane
that makes insect embryos waterproof as they
develop inside the eggs. By genetically removing
the serosa from embryos of the red flour beetle

( Tribolium castaneum) Mauriin van der Zee at

Insecten op land dankzij nieuw ei

For authors

[ e-alert [

20 juni 2013 - Mare 7

i

SRR

Wetensch

Insecteneitjes

Rondom de eitjes van veel insecten zit
aan de binnenkant van de eischaal een
speciaal laagje, de zogeheten serosa. De
eieren van andere geleedpotige dieren
hebben niet zo'n serosa. Als je met wat
biotechnologisch knutselwerk zorgt dat
een kever eitjes legt zonder serosa, ko-
| men die in het laboratorium nog steeds

3. '"Corkscr
Nature |

Membraan
om e1 was
grote troef
insecten

Door onze redactie wetenschap
AMSTERDAM. Eén genetische veran-
dering heeft het enorme evolutionai-
re succes van insecten mogelijk ge-
maakt. Insecten waren de eerste die-
rendie hetland veroverden, 400 mil-
joen jaar geleden en nog steeds be-
hoort driekwart van alle diersoorten
tot de orde van insecten. De Leidse
bioloog Maurijn van der Zee heeft
nu, samen met zijn promovendus
Chris Jacobs en twee Braziliaanse bi-
ologen, vastgesteld dat dit mede te
danken is aan een unieke eigenschap
van hetinsectenei. Hetembryo in het
ei droogt niet uit, dankzij de serosa.
Dat is een membraan dat het embryo
zelf produceert en datandere geleed-
potigen (zoals krabben en duizend-
poten) missen.

In de Proceedings of the Royal-Society B
van deze week beschrijft Van der Zee
hoe hij erin slaagde om in eitjes van
de kastanjebruine rijstmeelkever het
gen Tc-zen1 uit te schakelen, dat ver-
antwoordelijk is voor de serosa. Bij
lage luchtvochtigheid droogden de
eitjes snel uit en kwamen ze niet uit.
Onverwacht, trouwens, bleken de se-
rosa-loze eitjes ook slecht uit te ko-
men in hoge luchtvochtigheid, om-
dat het ei dan juist te veel vocht op-
nam. Ook ontdekte Van der Zee dat
het keratinelaagje van de membraan

rrniciaal wae vanr ds averlavino in lac




Evolution and development

Embryo’s vertellen je iets over evolutie.
Evo-devo onthult diepe homolgieén.

Evo-devo zoekt de genetische en
ontwikkelingsbiologische basis van
evolutionaire veranderingen.

Evo-devo bestudeert de oorsprong van novelties

Embryonale ontwikkeling kan de evolutie in
bepaalde richtingen sturen.



Darwin:

e Variation is isotropic (random and in every
direction)




Variation and selection seems to be possible in every direction

Relative size of anterior eyespot
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Helative size of posterior eyespot

Beldade et al., Nature 2002



Color composition of eyespot 4

Relative size of anterior eyespot

...but not for eyespot color!

Color composition of eyespot 6

b N—" 4 6

Relative size of posterior eyespot

Beldade et al., Nature 2002
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Human embryos lacking a cervical vertebrum

— Pleiotropy

Galis



Facilitated variation = positive bias

Cephalcthorax
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FIGURE 3 Developmental bias,
represented by different prob-
abilities of reprogramming an
embryo’s trajectory in differ-
ent ways. Large arrow, original
trajectory; solid arrow, easy;
dashed arrow, difficult; blunt-
ending lines, impossible.

C%) Arthur, 2004



Evolution and development

Embryo’s vertellen je iets over evolutie.
Evo-devo onthult diepe homolgieén.

Evo-devo zoekt de genetische en
ontwikkelingsbiologische basis van
evolutionaire veranderingen.

Evo-devo bestudeert de oorsprong van novelties

Embryonale ontwikkeling kan de evolutie in
bepaalde richtingen sturen.
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FIGURE 2 The fictitious but
potentially viable six-legged
horse.

Arthur



