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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?
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P11582 GLBE CHITH 1 -MKFIILALCVA--AASALSGDQIGLVQSTYGKVKGDSVGILYAVFKADPTIQAAFPQFV 57
P02226 GLB7A CHITH 1 MKFFAVLALCIVGAIASPLSADQAALVKSTWAOVRNSEVEILAAVFTAYPDIQARFPQFA 60
**** * ok ** %k %k ** ** I *k  kk *** ok ckkk ****
.IIIIIIIIIII
P11582 GLBE CHITH 58 GKDLDAIKGGAEFSTHAGRIVGFLGGVIBPD------ LPNIGKHVDALVATHKPRGVTHAQ 111
P02226 GLB7A CHITH 61 GKDVASIKDTGAFATHAGRIVGFVSEIIALIGNESNAPM’OTLVGOLAASHKARGISOAQ 120
*** ** . * ********* . % * %k **
-llllllllllF
P11582 GLBE_CHITH 112 FNNFRAAFIAYLKGHVDYTAAVEAAWGATFDAFFGAVFAKM 152
P02226 GLB7A_CHITH 121 FNEFRAGLVSYVSSNVAWNAAAESAWTAGLDNIFGLLFAAL 161
**:***_ e :*: .. :* :_**_*:** * :* :** :** .
a. Extra region in P02226: “IGNESN”.
b. Deletion in P11582, or insertion in P02226.
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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 “G5EEQ7” (GSEEO7_CAEEL) and “Q8UVQ5" (Q8UVQS5_DANRE) to the study in 8a. Are
you able to identify that region/s now? Why? Use Clustal Omega.

Human Cattle Worm Zebra fish
(Homo sapiens) (Bos taurus) (Caenorhabditis elegans) (Danio rerio)
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sp|P17861|XBP1 HUMAN
9 sp|0352Z2 | XBP1 BOVIN

MVVVAAAPNPADGTPKVLLLSGOPASAAGAPAGOALPLMVPAQRGASPEAASGGLPOARK 60
MVVVAFAGSFAAGAPKVLLLSGGPAATGGAPAGRALFUMVFGQQGASPEGASGUPFGARK 60

sp|P17861|XBP1_HUMAN
sp|035ZZ2|XBP1_BOVIN

RORLTHLSPEEKALRRKLKNRVAAQTARDRKKARMSELEQOVVDLEEENQKLLLENQLLR 120
RORLTHLSPEEKALRRKLKNRVAAQTARDRKKARMSELEQOVVDLEEENQKLLLENOQLLR 120

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

sp|P17861|XBP1 HUMAN
sp|035ZZ2 | XBP1_BOVIN

EKTHGLVVENQELRQRLGMDALVAEEEAEAKGNEVRPVAGSAESAAL RLRAPLQOVOAQL 180
EKTHGLVVENQELRQRLGMDALVTEEEAETKGNGAGLVAGSAESAAL RLRAPLQOVOAQL 180

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

SPLONISPWILAVLTLOIOSLISCWAFWTTWTOSCSSNALPOSLPAWRSSORSTOKDPVP 240
SFLGNISPWTLMALTLGTLSLTSCHAFCSTWTGSCSSDVLFGSLFAWSSSGKWTGKDFVP 240

YOPPFLCOWGRHQPSWKPLMN 261
YRPPLLHPWGRHQPSWKPLMN 261

sp|P17861|XBP1_HUMAN
sp|035222 | XBP1 BOVIN

tr|G5EEQT|GSEEGT CAEEL ---------- MSNYPKRIYVLPARHVAAPOPORMAPKRALP - - - TEQVVAQLLGDDMGPS 47
tr|08suva5|08UvVQ5_DANRE MVVVT - - - AGTGGAHKVL - LISGKOSASTGAAQGGYSRSISVMIPNQASSDSDSTTSG-P 55
sp|P17861|XBEP1_HUMAN MVVVAAAPNPADGTPEVL - LLSGOPASAAGAPAG- - - QALPLMVPAQRGASPEAASGGLP 56
sp|Q35ZZ2 | XBP1_BOVIN MVVVAPAQSPAAGAPKVL - LLSGOPAATGGAPAG- - - RALPYVMVPGOQGASPEGASGVPP 56

tr|GSEEB7 |GSEEAT CAEEL GPRKRERL NHL SEEKMDRRKL KNRVAAQNARDKKKERSAKT EDVMRDL VEENRRLRAENS 107
tr|QBUVQS | Q8UVQS DANRE PLRKRQRL THL SREEKAL RRKL KNRVAAQTARDRKKAKMGEL EQQVL ELEL ENQKLHVENS 115

. : . sp|P17861| XBP1_HUMAN QARKRQRL THL SBEEKAL RRKLKNRVAAQTARDRKKARMSEL EQQVVDL EEENQKLLLENS 116

b. Yes. They are not as similar. bZIP (basic-leucine sp| 035222 | XBP1_BOVIN QARKRQRLTHLSI:EEKALRRKLKNRVAAE}TARDRKKARMSELEQ&WDLEEEN&KLLLEN' 116

IIIIIIIIIII.I.I EEEEEEEEEEEEEEEEENEEENEEEEEEEEEENEENDY

Zipper) domain in positions:

70-133 (human) tr|G5EEQ7 | G5EEAT_CAEEL ¥ ERLRRQNKNLMNQQNES\WMYMEENNENLMNSNDAC T YQNVVYEEEVVGEVAPYVVVGGED 167
tr|Q8UVQS | QBUVQS_DANRE a RLLRDKTSDLLSENEELMQRLGL - - DTLETKEQVQVLE- - - - - - SAVSDLG- - LVTGSSE 165

70-133 (Cattle) sp|P17861 | XBP1_HUMAN = QLLREKTHGLVVENQELIORLGM - - DALVAEEEAE- - - - - - - - - AKGNEVR.- - PVAGSAE 163
sp|035ZZ2 | XBP1_BOVIN 'QLLREKTHGLWENE}ELIH]RLGM— -DALVTEEEAE- - ------- TKGNGAG - - LVAGSAE 163

61-117 (worm) . siie @ I

. lllllll.lllllll

69-132 (zebrafish) tr|G5SEEQ7 | GSEEA7_CAEEL RRAFESAAFINEPQQWEQARSTSINNNISNOLRRMDSKKNNTISVDMYLTIISILCNHMD 227
tr|0Q8UVOS|08UVDS DANRE SAAL - - - -RLRVPPQOVQAQOSPNLETSPWILTALALQTLSLISCLYFWTSLTPSSSSRO 221
sp|P17861|XBP1_HUMAN SAAL - - - - RLRAPLOQVQAQLSPLONISPWILAVLTLOIQSLISCWAPWT TWTQSCSSNA 219
sp|035ZZ2 | XBP1_BOVIN SAAL - - - -RLRAPLOGVOAQLSPLONTSPWTLMAL TLOTL SLTSCWAFCSTWTQSCSSDV 219
tr|G5SEEQ7 | GSEEA7_CAEEL RNKKMDTSNKSSNISRAQAESSIDSLLATLRKEQTVMQRLVQADPCTHLOKRVKHFRRIP 287
tr|Q8UVQ5 | 08UVQS_DANRE TFLKHRSLSRSSCWWGYQESKYLPPHLOLWGPHOLSWKPLMN - - - - - - - - - - - - == - - - 263
sp|P17861 | XBP1_HUMAN LPQSLPAWRSSQRSTQKDPVPYQPPFLCOWGRHQPSWKPLMN- - - - - - - - - - - - - - - - 261
sp|035ZZ2 | XBP1_BOVIN 261

LPOSLPAWSSSOKWTOKDPVPYRPPLLHPWGRHOPSWKPLMN- - - - - - - - - - - - - - - - - -

Domain® 70 — 133 B4 bZIP & PROSITE-ProRule annotation [ | P17861 (human)

Domain® 70 — 133 64 bZIP 4 PROSITE-ProRule annatation [ Q3SZZ22 (cattle)

Dcpmajni 61-117 57 BZIP (basic-leucine zipper) 4 InterPro annotation . G5EEQ7 (worm)
Domain® 69-132 64 BZIP (basic-leucine zipper) 4 InterPro annotation + - Q8UVQ5 (zebrafish)
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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), zebra fish (Danio rerio), purple sea urchin (Strongylocentrotus
purpuratus) and honey bee (Apis mellifera). Choose reviewed entries whenever possible.

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

Human Mouse Chicken (rooster) Zebra fish Sea urchin Honey bee
(Homo sapiens) (Mus musculus) (Gallus gallus) (Danio rerio) (Strongylocentrotus purpuratus) (Apis mellifera)
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10 ™ p|dieea7 Sl Hﬂﬁ'g%%%gaaéﬁﬁéaéﬂﬁEEE’%EB%BE‘ -SBIBBIA TCAKAVES AL KNG T
S -a
Qa9 QIWYS  QEOWY3 XENLA Survival motor neuron xei2D 39801 |MN-H  MAMGECCACS. .- EQROTVLFRRCTCOSDD - - SDTWDDTAL TKAYDKAVAS FKHALKNCDICE
- dowess | ST A WA T DVVECRCTCO3D - SDIWDDTAL TKAYDKAVASFKNALKGEDCAT
A 16637 2 i i sp|Q9W6S8 [SMN1 ~ MA--NGA-------- --
Q16637 Q16637 SMN_HUMAN h Survival motor neuron protein SMN1 SMMN,SMNT HDrtIE 4XF86 W4XFQ DVVERVDRSDN-D - - SDIWDDSALIKAYDKAT KGMTKDGSEKE
SMN2 SMNC tr|AGAGS8AdG7T|IA M------------- AII’JNVLFIRGNGNSTEHSEDWJDDSALIKAYDKAI L----- AKEEVGK
(7] - P97801 P97801 SMN_MOUSE ?I Survival motor neuren protein Smnl Smn Mu cons * : *x K okkk . kkkkkRkkk. :
. ~ ~ Bt -I-I-I-I-I-I.I-I.I.I-I.I-I-I.: EEEEEEEEENEN)
R A IR L 10837 SHN'  ToKB T A SOKKITAASE OOUKVCDKC SATWEBCCTYPATTASTREKRE
S -=
. . A A sg 97801 |SMN"M  TPDKPK-GTA- - RRKPAKKNKSOKK| PATITSIDFKREn
s s swiow W Snieimoomarmpomnt ewism - 0otrigoselg | goest ESDKSENgﬁ’é‘%‘éﬁmuxﬁﬁﬁﬁﬁﬁﬁém &%ﬁ%%écwwsEncummﬁéé%'éEE:
S P
_ ) ) trE 4XF86 WAXFQ  ARSKPK-RKRGGK - KKNLVPSOTKWKVGDRCKSVFTEDEQVYSAVVKAINHKKT 3
LEHTRET ERTEET UEETRED ST e SRS Stitr|AGABBBA467|A  RMGIGI- KNSECKQKLOKOSKLTSK— --- WKKWIUGAPCRAVYSEDGEIYEAIITKIYENNG.
cons ¥ R N T
[  ADADBBALGT ADADBBA46T - ADADBBAL6T_APIME Uncharacterized protein LOC100577491 Api U EEEEEEEEEEEEEEEEEEEEEEEEnn”
.IIIIIIIIIIIIIIIIIII
tr|Q9ewWY9|QoowWY = TCIVVYSGYGNSEEHSLADLR DTSEAESDORDOEOEINGDEHSTDESDRSSRSHUSKDPQN
sp|Q16637 MN H = TCVVVYTGYGNREEONLSDLLS®ICEVANNIEONAQENENESOVSTDESENSRSPGNKSDN - -
sp|P97801|SMN_M 5 TCVVVYTGYGN ONLSDLLSPTCEVANSTEQNTQE - - NESOVSTDDSEHSSR RSKAH— -
tr 985U9 8985U = TCVVTYTGYGN DNEADEEPPASDET - - - - - - - - - DESEKSSOSHHNENN - -
sp MN1 = TCVVFYTDYGNE EONLSDLL PPDMDEDALKT— —ANVKETESSTEESDRSFTP(}KSGHAKH
tr 4XF86 W4XFQ = SCIVRYTGYGNEEEKRLSDLF PMHPSGSGA
tr|AGAOBBA467 |A 7 SCIVKFVGYGNTEKVELHS LLEGEGLQSQIAQQKNAHEHKFDEENEEISESNFSTNMNSRKYS
a. 7 sequences. cons Dok e x
IIIIIIIIIIIIIIIIIII.
: : : tr|Q9ewY9|Q968WY  RETPKS- - --SOWNGOFPPVPPPFMP- - - -GFGRH- - - - GEKL - - -DOAHP- - - - - - - - E---
b. Boxed regions, because they are conserved in evolution. sp gégga}' gﬁN‘M _é&gﬁ_ - _QEW#EE EPPPD_ q;ggngEE%E_ -- _gl:ﬁg_ - _H(_, FSEEEEEE%_ -
S asa= -a - - - -NGPPPP -aa
- QoweSs | ST KOIONEPNGPRCURPSEPPGPPPPED- - HEKIGH: - -DGRRG- EERGR-—2 S
S = J)PJJ____ - mm = FIP(1P e e e e e e a5 0o -
(Q16637, SMN_HUMAN) ® 6 |W4XFQ  GPRKRSHHPP ’PPHEIPiP— -PPPH DSSMTHPLGYTSPYPGS'HYPPHUA’P PPMPPPPPMMSPL
Feature key Position(s) Length Description Graphical view ABAOBBA467|A  GEKMDC- - --ESEETKTY- -KHQFMP------------- ---NVMAD----------- -
Domain' 91-151 61 Tudor # PROSITE ProRule amnotation = *
llIIIIIIlIIIIIIIIIIIIIIIIIIIIIIIIII
9eWY9 QQE}W -LSGWP- - P- - PELBGPPMIPPPPPMSPDACE - DDEALGSMLISWYMSGY| HTGYYLGLKOGRM
16637 [SMN H  -LSCWL--P--PFPaG IIPPPPPICPDSLD DADALGSMLISWYMSGY-ITGYYMGFHONOK
Region 97801 |SMN"M  -LPCWM--P--PFPSGPPIIPPPPPIS SGY-ITGYYMGF ONKK
985U9 8985U -LSCHE- -P- -PE 3RGPPLIPPPPPMGPD DDEALGSML YHTGYYLGLROSRM
9W6S58 | SMN1 P--P- -MIPEGPPMIPPPPPMSPDFGE - DDEALGSMLISWYMSGY-ITGYYMGL O0GRK
Feature key Position(s) Length Description Graphical view 4XFQ6 |WAXFO PFAPWGSPAAIJRI PPTPPPHPPLPEDLEEMDKEALHSMLMSWYMSGYHTGYYEGMKKSKT
. ABABEBA4GT |A  -------------- MPPAPPLPPQLMAKLPDNDAEALSSMLMSWYISGF-ITGYYHGLEQAEK
Regmnl 13-44 32 P1 (binding site for GEMINZ) = - —— T L i
. IIIIIIIlIlIIIIIIIIIIIIIIIIIIIIIIIII.
Regmnl 97 - 209 113 Required for interaction with RPP20/POPT apWYo
§16637
- 97801
Region’ 240 - 267 28 P2 (binding site for SNRPB) gﬁggg
_ 8 W4XFQ  SSHSATSKPKEDGSTPRREOG RGTRTRDKVRETKEPAPSOPAEESQDSNOET
Region’ 279 - 2094 16 Required for interaction with SYNCRIP ABAG BAAGTI A== s e Kl e K
ns
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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).

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)
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MEF2A_HUMAN

Q02078 Q02078 ]

5
[ Q5REWT QSREW7 MEF2A_PONAB 1
— |
O Q2MITO QamiTo MEF2A RAT 1§

[
[ Q60929 Q60920  MEF2A MOUSE [
— Y
[ A2vDZ3 A2vDz3 MEF2A Bovin [

3
[ A2ICN5 AZICN5  MEF2A_PIG ]
— Y
[ QowsUs QoweUs MEF2a_CHICK B§

Myocyte-specific enhancer factor 2A MEF2A MEF2

Myocyte-specific enhancer factor 2A MEF2A

Myocyte-specific enhancer factor 2A  Mef2a

Myocyte-specific enhancer factor 2A Mef2a

Myocyte-specific enhancer factor 2A MEF2A

Myocyte-specific enhancer factor 2A MEF2A

Myocyte-specific enhancer factor 2A MEF2A

Homo sapiens (Humarn)

Pango abelii (Sumatran orangutan) (Pongo pygmaeus abelii) 494
Rattus norvegicus (Rat) 495
Mus musculus (Mouse) 493
Bos taurus (Bovine) 492
Sus scrofa (Pig) 507
Gallus gallus (Chicken) 499

Qez2ers
QSREW7Y
a. 7 sequences. R
AZVDEZ3
b. Yes. Differences in: QaweUa
Beta domain (LCR Glu, E)
Glutamines. Maximum Q stretch:
Chicken =3 Q
Pig=4Q
Cattle=5Q
Mouse =6 Q e
Rat=7 Q Q2MITO
Orangutan =9 Q 233353
Human =11 Q ggﬁ,gﬁg

MEF2ZA_HUMAN
MEF2ZA_PONAB
MEF2ZA_RAT

MEF2A_MOUSE
MEF2A_BOVIN
MEF2A_PIG

MEF2A_CHICK

MEF2A HUMAN
MEF2A PONAB
MEF2A RAT

MEF2A_ MOUSE
MEF2A_BOVIN
MEF2A_PIG

MEF2A_CHICK

Required for interaction
with MAPKs

& L
-lllllllllll

EEE - AEEEEEEEEEEEEEEE R E R R R

Beta domain

241 ATG-ANSLGEKVMPTKSPPPPGGGMLGMNSREE PPLSEEEELELNTQ 299
239 ATG-ANSLGKVMPTKSPPPPGGGMLGMNS PPL-------- NTQ 289
241 NTG-ANSVGKVMPTKSPPPPGGGSVGHMN! PPL- - - - 291
239 NTG-ANSLGKVMPTKSPPPPGGGSLG PPLSEEEELELNAQ 297
241 TTG-ANSLGKVMPTKSPPPPGGGSLG ] PPL- - - — - - -- NTQ 291
241 TTG-ANSLGKVMPTESPPPPGGGHNLGHMNSEE PPL%NTU 299
239 TAGGGNGLGKVMPTKSPPPPGGGGLGMNNRKFDLE PPS5K PPL NTQ 298
:l _l_ :Illlll:ltllllll :lll_ltlllllllltlllllltll l:l
428 UUUUUUUUUUURPPP POPQPOPPOPOPROEMGRSPVDSLSS5555YDGSDREDPRGDFH 478
410= Q0000Q00QQP- £- - PPPPPQPOPPQPQPRQEMGRSPVDSLSSSS555YDGSDREDPRGDFH 465
41273 0000Q0QPQQQRPPOPPQ- - - - - POPOPROEMGRSPVDSLS55555YDGSDREDPRGDFH 466
418+ Q000QQPQQQ- £--PP----POPPQPQPROEMGRSPVDSLSSSSSS5YDGSDREDPRGDFH 469
4127 Q00QQP----- =-0P-PPPPPOAPOPOPROEVGRSPVDSLS555S5YDGSDREDPRGDFH 463
420« QQQQPPPPSQAPQPQPPOPOP-QPQPOARQEMGRSPVDSLSSS555YDGSDREDPRGDFH 478
4191 PUUUPPUUPUPEUP -------- POOPPOROEMGRSPVDSLSS555SYDGSDREDPRSDFH 478
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