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a. Using the protein “Q90WY9”, find its orthologs in the following organisms: human (Homo sapiens), mouse
(Mus musculus), chicken (Gallus gallus), zebrafish (Danio rerio), purple sea urchin (Strongylocentrotus
purpuratus) and honey bee (Apis mellifera). Choose reviewed entries whenever possible. Save the
sequences in a fasta file.

b. Which regions of the previous sequences are important for their function? Why? Use T-Coffee.

Human Mouse Chicken (rooster) Zebrafish Sea urchin Honey bee
(Homo sapiens) (Mus musculus) (Gallus gallus) (Danio rerio) (Strongylocentrotus purpuratus) (Apis mellifera)
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J— A [
rganism gy Q9OWY MAGL--------- DGGEVLFRRGAGOSD——DSDIHDDTALIKAYDK&VSSFKMII_I( NEDCTI
5
O QWY9 QUOWY9 QIOWY9_XENLA Survival motor neuron Xenopus laev sﬁ SMN M MAMGSGGAG- - - SEQEDTVLFRRGTGQSD - DSDTIWDDTAL TKAYDKAVASFKHALKNGDTCE
tr Q985U MA---- - GRVLFRRGAGOSD I DSDMWDDTAL TKAYDKAVASFKNAIKNGDCSE
i WAXFO  MAE ... o RSGDVVERVDR. 30N K DSDTWDDSAL TKAYDKAL SYVKGHAKDGSEKE
- . 0 . . A |WAXFQB |WAXFG  MAE---------
[ Q16637 Q16637 SMN_HUMAN h Survival motor neuron protein SMN1 SMN,SMNT  Homo sap|en r|AGABSBA46T[A  MAD------------- DWLFIRGMGNSTIi-ISEDVHDDSALIKAYDKAINLAKEE\FKRHGI—
i SMN2 SMNC con e [ B . RIREERRERARRRR D O |
(7] - P97801 P97801 SMN_MOUSE a Survival motor neuren protein smnl smn Mus musculu O O O S E .
- ------------.
o, e o AT B
0 QssU9 e st (G SO NN S Gallus gals <5 | po78a1 |SMN M TPDK- - PKGTARR- KPAKKNKSOKKNATTALKOWKVGDKCSAVWSEDGCTYPATITSIDFKR
tr|Q98509|09850  PSDKQEQRAGVKR - KNSKKNRNRNKSNAVRIKOWKVGDSCNAVWSEDGNVYPATTASTNLKR
: sp|Q9WESE|SMN1_ POEN- - DNPGKKR - KNNKKNKSRKRCNAAHMDKEWQVGDSCYAFWSEDGNLYTATITSVDOEK
[ Qowess QoW6S8 SMN1_DANRE ™ survival motor neuron protein 1  smn1 smn Danio rerio (Z £ | WAXFQ6 [ WaX AR- - - -SKP - - KR - KRGGKKK - NKKNL VP Y0 TKWKVGDRCKSVFTEDEQVYSAVVKATNHI
= tr|ABAPSBA46T|A  G--------- IKNSECKOQKLOKQSKLTSK I{KHIVGAPCRAWSEDGEIYEAIITKIYEMNG.
- ) ) cons [ | FEEE : --: . Fd Bl i BoEEesl B
[ W4XFQ6 WAXFQB6 W4XFQ6_STRPU Uncharacterized protein Sp-Smnl Strongylocent I T T T T M M D R
tr|Q96WY | Q9BWY |TCIVWSGYGMSEEHSLADLRF TSEAESDORDQEQEINGD- - - - - - - - - - - - EH-STDESD
[ ADACBBA467 ADADBBA467  ADADBBA4GT_APIME Uncharacterized protein LOC100577491 Apis melliferaSp| Q16637 |SMN_H  “TCVVWYTGYGNREEQNLSDLL SPTCEVANNIEQNAOEMENES------------ QV-S5TDESE
$p|PO780LISMN M NTCVVVYTGYGNREEONL SDLLSATCEVANSTEQNTO- _ENES------------ 0V -STDDSE
tr|Q08sSU9|Q985U  TCVVTYTGYGNKEEQNLADLLPPASDET - -- - -~ - - -NENET----------- - PY¥-STDESE
sp|Qow6S8 | SMN1 ITCWF\"TDYGI\IEEE{)I\ILSDLLTIPPDHDEDALKT——AWKEI’ ------------ ES-STEESD
tr|W4XFQ6 |WAXFO _SCIVRYTGYGNEEEKRLSDLFSESEAETSVASVNS -KAELEN-- - - - - - - - - GYDSMEWTD
tr|A0A088A467 |A  DSCIVKFVGYGNTEKVELHSLLEFEGLOSQIAQOK- - - NAMEHKFDEENEEISESNF - STNMNS
cons ‘EreEesT— ! I
- - - E-EE . »
tr|Q9eWY9|Q9BWY  RSSRSHOSKDPOQNRETPKS- - - - SOWNGQFPPY - - - - - - PPPFMPGF - - - -GRH - GEKLDOA-
a. 7 sequences sp|016637|SMN H  NSRSPGNKS- - -DNIKPKS- - - - APWNSFLPPP- - - - - - PP - -MPGPRLGPGKP - GLKFNGPP
. q . sp|P37881|5MN_M  HSSRSLRSK- - - AHSKSKA- - - - APWTSFLPPP- - - - - - PP - -MPG5GLGPGKP - GLKFNGPP
tr|0985U9|Q985U  KSSOSHHMNEN- - NCTKARF - - - - SPKNLRFPIP- - - - - - PT--PPGL- - - -GRH-GSKFRTL -
SP|QOWGSE | SMNL RSP TPOKSGHAKHKSKSNFPMGPPSWFPSFPRG. - - PPPPPPHF - - - - KKMDGRRGEGP -
. . . tr|WAXFQ6 |WAXFO  HSOSPMHPSG- - SGAGPRK - - - - - - - RSHHPPPPPHQPHPPPPHPSS - - - -MTH-P- -LGYT-
b. Boxed regions, because they are conserved in evolution. £|AGAGSBAGCT[A  RKVS-GEKM- - -DCESEET- - - -KTYKHORMP- <o -oo-ooooroosoiiiiie: GTSFN- - -
cons | - .
(Q16637, SMN_HUMAN) tr|Q9OWY9|QOBWY - ------ HPFLSGWPP - - - - - - - oo oo oo PFLPGPPMIPPPPPMSP
sp|Q1l6637|SMN H  PPPPPPPPHLLSCWLP - - ----- - oo mmme oo PEPSGPPIIPPPPPICP

Feature key Position(s) Length Description Graphical view sp|PO7801[SMN M  PPPPLPPPPFLPCWMP- - - - - - - - oo oo oo oo e oo PEPSGPPIIPPPPPISP

- . e
. | _ | - sp|O9WB58|5MN1 -------GPSFPGWPP- - - - - - - - - - - - - - - - -~ - - __

Domin - o T tr|WaXFQB |WaXFQ - --- SPYPGSHY PPHOAPPPPHPPPPPHMSPLPFAPWGSPAAQRIPSHPPTPPPHPPL PE
tr|AOADBBA467 [A - ------ - UMADT-- - - oDl PAP- - - PLPPQLMA
cons I =

Hegion -----------.
£r|090WY9 | Q9BWY -EDDEALGSML ISWYMSGYHTGYYLGLKOGRUESST - -----------—----------
sp|016637 |SMN_H - DDADALGSMLISWYMSGYHT FRONOKEGRC - - - - - - - - - oo oo

Feature key Position(s) Length Description Graphical view sp|P97801|SMN_M DDTDALGSHLISHYHSGYHTG\"\"HGFHON EGKC ———————————————————————
tr|0Q98su9|Qassu - EDDEALGSMLIAWYMSGYHTGYYLGLKQSRMEAAL - - - - - - - - - oo oo oo

i . sp|0aw6Ss8 | SMN1 - EDDEAL GSMLISWYMSGYHTGY YMGLROGREAMA - - - - - - - - - __

Region 13-4 32 P1 {binding sfte for GEMINZ) 17 | WaXF Q6 | WaXFQ B DREAL ML MEWYM YT CYVE GMRK KN S SHOATSKPKEDGSTPRREQGROTRTR
tr|ABABEEA4ET | A KLPli NDAEALSSMLMSWYISGFHTGYYHGLKOQAENQTKR - - - - - - - - - - - -~

Region! 97 - 209 113 Required for interaction with RPP20/POPT Es DN B AT B

; Sp|0i6es7| S TTTIIIIII L
. - sp|Qle637|SMM H @ -----------SHSL---------

Ftegmml 240 - 267 28 P2 (binding site for SNRPB) sg POTBOL[SMN M - --- oo __ =T N

tr|098suUg|Qo8sU - ---------- EREA----- K
) sp|Q9wBS8|SMN1 - -------- - -SKKS------

Ftegicml 279 - 294 16 Required for interaction with SYNCRIP EF ﬁiggg h::g%ﬁ [_}WF_{FFFF?%??DPAFF??P?F?FF

cons I 0 I 1
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a. Using the human protein “Q02078”, find its orthologs in the following organisms: orangutan (Pongo abelii),
rat (Rattus norvegicus), mouse (Mus musculus), cattle (Bos taurus), pig (Sus scrofa) and chicken (Gallus
gallus). Save the sequences in a fasta file.

b. Do you think the evolution is pressuring these sequences?
Have they evolved? If yes, how?
Did they gain or lose any domain/motif/region?

Orangutan Mouse Rat Cattle Pig Chicken (rooster)
(Pongo abelii) (Mus musculus) (Rattus norvegicus) (Bos taurus) (Sus scrofa) (Gallus gallus)
Pablo Mier 20 Py A
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Q02078 Q02078 | MEF2A_HUMAN ,H.I Myocyte-specific enhancer factor 2A MEF2A MEF2 Homo sapiens (Human)
[T Q5REWT QSREWT  MEF2A_PONAB ,Ei Myocyte-specific enhancer factor 2A MEF2A Pongo abelii {(Sumatran orangutan) (Pongo pygmaeus abelii) 494
[ QZMITO QZMJITO  MEFZA_RAT ,_'.i Myocyte-specific enhancer factor 2A Mef2a Rattus norvegicus (Rat) 495
[ Q60929 Q60929  MEF2A_MOUSE ,_l,i Myocyte-specific enhancer factor 2A Mef2a Mus musculus (Mouse) 498
[ A2vDZ3 AZVDZ3  MEF2A_BOVIN ,!.i Myocyte-specific enhancer factor 2A  MEF2A Bos taurus (Bovine) 492
[ AZICNS AZICN5  MEF2A PIG ,_l,i Myocyte-specific enhancer factor 2A MEF2A Sus scrofa (Pig) 507
[ - QowelU8 QowelUs - MEF2A_CHICK ,_H.i Myocyte-specific enhancer factor 2A MEF2A Gallus gallus (Chicken) 499
Required for interaction
with MAPKs Beta domain
Qez2e7s MEF2A_HUMAN 241 ATG-ANSLGKVMPTKSPPPPGGGNLGMNSREE PPLSEEEELELNTQ 299
OSREW7 MEF2A_PONAB 239 ATG-ANSLGKVMPTKSPPPPGGGNLGMNS PPL-------- NTOQ 289
a.7 sequences. 02M3ITO MEF2A_RAT 241 NTG-ANSVGKVMPTKSPPPPGGGSVGHMN! PPL-------- 201
068929 MEF2A_MOUSE 239 NTG-ANSLGKVMPTKSPPPPGGGSLG PPLSEEEELELNAQ 297
AZVDZ3 MEF2A_BOVIN 241 TTG-ANSLGKVMPTKSPPPPGGGSLG | PPL-— - — - - NTO 201
: [ AZICNS MEF2A_PIG 241 TTG-ANSLGKVMPTESPPPPGGGNLGMNSREK PPL NTO 299
b. Yes. Differences in: QOWEUS MEF2A CHICK 239 TAGGGNGLGKVMPTKSPPPPGGGGLGMNNE PPL?EEE&NTQ 298
Beta domain (LCR Glu E) - :t _t_ :mmsmsm:mmsmsmms :tlt_ttltmtlttmtltltlttlt t:t
)
Glutamines. Maximum Q stretch:
Chicken =4 Q
Pig=4Q
Cattle=5Q
Mouse = 6 Q 002078 MEF2A_ HUMAN 428 0000000000QQPPPP-PQPQPQPPOPOPROEMGRSPYDSLS55555YDGSDREDPRGDFH 478
Q5REW7 MEF2A PONAB 416 00000QQ0QP----PPPPPOPOPPOPOPROEMGRSPVDSLSS55555YDGSDREDPRGDFH 465
Rat=7 Q Q2MITE MEF2A_RAT 412 QO0QQOQQQPQQQPPPQPPQ----- PQPQPROEMGRSPVDSLS555555YDGSDREDPRGDFH 466
Orangutan = 9 Q 060929 MEF2A MOUSE 418 00000QQPQQQ----PP----POPPOPOPROEMGRSPYDSLS555555YDGSDREDPRGDFH 469
g - AZVDZ3 MEF2A_BOVIN 412 QOQ0QQQP------- QP-PPPPPQAPQPQPRQEVGRSPVDSLS55555YDGSDREDPRGDFH 463
Human =11 Q AZICNS MEF2A_PIG 420 0Q000PPPPS0APQPOPPOPOP-QPOPOARQEMGRSPVDSL555555YDG5DREDPRGDFH 478
Q9WEUE MEF2A_ CHICK 419 PQOQPPQQPOPPOP-------- PQQPPQROEMGRSPVDSLS55555YDGSDREDPRSDFH 470

- Lt 3 G R T G R R T T R R T T T R R T T R T R R R R R
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a. Both “P17861” (XBP1_HUMAN) and “Q3SZZ2” (XBP1_BOVIN) are “X-box binding protein 1” proteins. Can
you detect which region/s of these proteins is/are important for their function? Why? Use Clustal Omega.
What should you do to detect them?

b. Add the proteins “G5EE07” (G5EEQ7_CAEEL) and “Q8UVQ5” (Q8UVQ5 DANRE) to the study in 12a. Are
you able to identify that region/s now? Why? Use Clustal Omega.

Human Cattle Worm Zebrafish
(Homo sapiens) (Bos taurus) (Caenorhabditis elegans) (Danio rerio)

Pablo Mier 24 ]G‘U @M
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sp|P17861|XBP1 HUMAN
sp| Q35222 | XBP1 BOVIN

MVVVAAAPNPADGTPKVLLLSGOPASAAGAPAGOALPLMVPAQRGASPEAASGGLPOARK 6O
MVVVAPAQSPAAGAPKVLLLSGOPAATGGAPAGRALPYVMVPGOQGASPEGASGVPPOARKE 60O

12

a. No. They are too similar. We would need a
protein from a more distant organism.

sp|P17861|XBP1 HUMAN
sp|0352Z2 | XBP1 BOVIN

RORLTHLSPEEKALRRKLKNRVAAQTARDRKKARMSELEQOVVDLEEENQKLLLENOQLLR 120
RORLTHLSPEEKALRRKLKNRVAAQTARDRKKARMSELEQOVVDLEEENQKLLLENOQLLR 120

sp|P17861|XBP1_HUMAN
sp|035ZZ2 | XBP1_BOVIN

EKTHGLVVENQELRQRLGMDALVAEEEAEAKGNEVRPVAGSAESAAL RLRAPLQOVOAQL 180
EKTHGLVVENQELRQRLGMDALVTEEEAETKGNGAGLVAGSAESAAL RLRAPLQOVOAQL 180

sp|P17861|XBP1 HUMAN
sp| Q35222 | XBP1 BOVIN

SPLONISPWILAVLTLOIOSLISCWAFWTTWTOSCSSNALPOSLPAWRSSORSTOKDPVE 240
SPLONISPWTLMALTLOTLSLTSCWAFCSTWTQSCSSDVLPQSLPAWSSSQEWTOKDPYPR 240

sp|P17861|XBP1_HUMAN
sp|035222 | XBP1 BOVIN

YOPPFLCOWGRHQPSWKPLMN 261
YRPPLLHPWGRHQPSWKPLMN 261

tr|GSEEQT|GSEEQT CAEEL - --------- MSNYPKRIYVLPARHVAAPQPQRMAPKRALP - - - TEQUVAQLLGDDMGPS 47
tr|QBUVQS | 0BUVOS DANRE MVYVVT - - - AGTGGAHKVL - LTSGKOSASTGAADGGYSRSTSYMIPNQASSDSDSTTSG- P 55
sp|P17861|XBP1 HUMAN MVVVAAAPNPADGTPKVL - LLSGOPASAAGAPAG- - - DAL PLMVPAQRGASPEAASGGLP 56
sp|035ZZ2 | XBP1 BOVIN MVVVAPAQSPAAGAPKVL - LLSGOPAATGGAPAG- - - RALPYMVPGOQGASPEGASGVPP 56
E = I = = I == == == == = = = = = == = = = = = = = =
tr|G5SEERT|GSEERT CAEEL SF‘RKRERLNHLSQEEKMDRRKLKNRVAA[}NARDKKKERSAKIED‘u’MRDLVEENRRLRAEN' 107
tr|0BUVQS | 0BUVOS_DANRE !LRKRQRLTHLSPEEKALRRKLKNRVAA[}TARDRKKAKMGELEQ[}VLELELEN[}KLHUEN. 115
- . . Sp|P17861|XBP1 HUMAN ARKRORLTHL SPEEKAL RRKLKNRVAAQTARDRKKARMSEL EQQVVDLEEENQKLLLEN 116
b. Yes. They are not as similar. bZIP (basic-leucine sp|0Q35ZZ2 | XBP1 BOVIN @ARKRORL THLSPEEKAL RRKLKNRVAAQTARDRKKARMSEL EQQVVDLEEENQKLLLEN 116
zipper) domain in positions: i e e meseesss;eesee ... ==-
70-133 (human) tr|G5SEERT|GSEERT CAEEL ERLRRONKNLMNOONESVMYMEENNENLMNSNDACTYONVVYEEEVVGEVAPVVVVGGED 167
tr|QBUVQS | 0BUVOS DANRE RLLRDKTSDLLSENEELRQRLGL - - DTLETKEQWVQVLE- - - - - - SAVSDLG- - LWTGSSE 165
70-133 (cattle) sp|P17861|XBP1 HUMAN QLLREKTHGLVVENQELRQRLGM- - DALVAEEEAE - - - - - - - - - AKGNEVR - - PVAGSAE 163
sp|035ZZ2 | XBP1_BOVIN OLLREKTHGLVVENQELRQRLGM- - DALVTEEEAE - - - - - - - - - TKGNGAG- - LVAGSAE 163
61'117(W0rm) P - L LA : T ¥ Lo L :
69-132 (zebrafish) tr|G5SEERT|GSEERT CAEEL RRAFESAAF TNEPQOWEQARSTSTNNNISNOLRRMDSKKNNTISVDMYLTTIISILCNHMD 227
tr|QBUVQS | 0BUVOS DANRE SAAL - - - - RLRVPPQQVQAQQSPNLKTSPWILTALALQTLSLISCLVFWTSLTPSSSSRO 221
5p|P17861|XBP1_HUMAN SAAL - - - - RLRAPLOQVQAQLSPLONISPWILAVLTLOIQSLISCWAFWTTWTOSCSSNA 219
sp|035ZZ2 | XBP1_BOVIN SAAL - - - - RLRAPLOQVQAQLSPLONISPWTLMALTLOTLSLTSCWAFCSTWTQSCSSDY 219
tr|G5SEERT|GSEERT CAEEL RNKKMDTSNKSSNISRAQAESSIDSLLATLRKEQTVMQRLYQADPCTHLOKRVKHFRRIP 287
tr|QBUVQS | 0BUVOS_DANRE TFLKHRSLSRSSCWWGYOESKYLPPHLOLWGPHOLSWKPLMN - - - - - - - <= - - o m oo 263
sp|P17861|XBP1_HUMAN LPQSLPAWRSSORSTOKDPVPYQPPELCONGRHOPSWKPLMN - - - - - - < - - - - oo - 261
sp| 035722 | XBP1_BOVIN 261

LPOSLPAWSSS0KWTOKDPYVPYRPPLLHPWGRHOPSWKPLMN - - - - - - - - - - - - - - - - - -

Domain’ 70— 133 84 bZIP & PROSITE-ProRule annatation + [ | P17861 (human)

Domain! 70— 133 64 DZIP & PROSITE-PoRule annotation [ | Q35772 (cattle)
Domain 61-117 37 BZIP (basic-leucine zipper) # InterPro annatation . G5EE07 (worm)
Dcpmajni 69 -132 64 BZIP (basic-leucine zipper) 4 InterPro annotation + - Q8UVQ5 (zebrafish)
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a. The proteins “P11582” and “P02226” are paralogs, but they differ in length (152 vs 161 amino acids). Is
there an extra region in P02226, or the extra amino acids are dispersed along the protein?

b. How could that have happened in evolution?

c¢. How could we check this?

Pablo Mier 26 JGlu @W‘[’
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P11582 GLBE_CHITH 1 -MKFIILALCVA--AASALSGDOIGLVOSTYGKVKGDSVGILYAVFKADPTIOAAFPOFY 57

PO2226 GLB7A CHITH 1 HI‘(FFA‘I.I'LALCI‘I.I'GAIASPLEADDMLUI‘(ST\'MD‘I.I'RNEE‘I.I'EILAA‘I.I'FTA‘EPDIDARFPDFA 60

P11582 GLBE CHITH 58 GI{DLDAIKGGAEFETHAGRIUGFLGGUIDD —————— LF*GKHUDALUATHKFRGUTHAD 111

PO2226 GLB7A CHITH 61 GI‘(D‘I.I'ASIKDTGAFATHAGRI‘I.I'GF‘I.I'SEI ALIGNESNAF OTLVGOLAASHEARGISOAD 128
) ) l - O e . - ) ) ) )

P11582 GLBE_CHITH 112 FNNFRAAFTAYLKGHVDYTAAVEAAWGATFDAFFGAVFAKM 152

PB2226 GLB7A CHITH 121 FNEFRAGL‘I.I'5‘|”I.I'5SNUAWNAMEEAWTAGLDNIFGLLFML 16l

a. Extra region in P02226: “ALIGNESN".
b. Deletion in P11582, or insertion in P02226.

c. Looking for orthologs for each protein, and checking whether they have the region or not.

Pablo Mier 27 ‘ (
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