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Repeats



Frequency

14% proteins contains repeats (Marcotte et
al, 1999)

1: Single amino acid repeats.

2: Longer imperfect tandem repeats.
Assemble in structure.



Definition repeats
Sequence, long, imperfect, tandem

MRAVVKSPIMCHEKSPSVCSPLNMTSSVCSPAGINSVSSTTASE
GSEFPVHSPITQGTPLTCSPNVENRGSRSHSPAHASNVGSPLSSP
LSSMKSSISSPPSHCSVKSPVSSPNNVTLRSSVSSPANINN
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Definition repeats
Sequence, long, imperfect, tandem
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Definition repeats
Sequence, long, imperfect, tandem

MRAVVKSPIM CHE
KSPSVCSPLN
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Tandem repeats fold together
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Tandem repeats fold together
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Definition repeats
Sequence, long, imperfect, tandem

MRAVVKSPIM CHE
KSPSVCSPLN

MTSSVCSPAG INSVSSTTASE
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http://weblogo.berkeley.edu

(Vlassi et al, 2013)



A subunit PP2A structure

PDB:1b3u % N
Groves et al. (1999) Cell v -




Ap1l Clathrin Adaptor Core

PDB:1w63

Heldwelin et al. (2004) PNAS




Ap1l Clathrin Adaptor Core

PDB:1w63
Heldwelin et al. (2004) PNAS



Side view

Andrade et al. (2001)
J Struct Biol



Definition CBRs

Perfect repeat: QQQQQQQQAQQAQ

Imperfect: QQQRQRPQQQQQQ
Amino acid type: DDDDDEEEDEDEED

Compositionally biased regions (CBRs)

High frequency of one or two amino acids in
a region.



Detection CBRs

Sometimes straightforward.
N-terminal human Huntingtin.
How many CBRs can you find?

>sp | P42858 |HD HUMAN Huntingtin OS=Homo sapiens

MATLEKLMKAFESLKSEFQQQOQOOOOOOQOOQO0Q0Q00Q00Q0PPPPPPPPPPPQLPOPPPQAQP
LLPOPOQPPPPPPPPPPGPAVAEEPLHRPKKELSATKKDRVNHCLTICENIVAQSVRNSPE
FOKLLGIAMELFLLCSDDAESDVRMVADECLNKVIKALMDSNLPRLOLELYKEIKKNGAP
RSLRAALWRFAELAHLVRPOQKCRPYLVNLLPCLTRTSKRPEESVQETLAAAVPKIMASFEG
NFANDNEIKVLLKAFIANLKSSSPTIRRTAAGSAVSICQHSRRTQYFYSWLLNVLLGLLV
PVEDEHSTLLILGVLLTLRYLVPLLOQOVKDTSLKGSFGVTRKEMEVSPSAEQLVQVYEL
TLHHTOQHODHNVVTGALELLOOLEFRTPPPELLOTLTAVGGIGOQLTAAKEESGGRSRSGSI
VELIAGGGSSCSPVLSRKOKGKVLLGEEEALEDDSESRSDVSSSALTASVKDEISGELAA
SSGVSTPGSAGHDIITEQPRSQHTLOADSVDLASCDLTSSATDGDEEDILSHSSSQVSAV
PSDPAMDLNDGTQASSPISDSSQTTTEGPDSAVTPSDSSEIVLDGTDNQYLGLQIGQPQD
EDEEATGILPDEASEAFRNSSMALOQAHLLKNMSHCRQPSDSSVDKEVLRDEATEPGDQE
NKPCRIKGDIGQSTDDDSAPLVHCVRLLSASEFLLTGGKNVLVPDRDVRVSVKALALSCVG
AAVALHPESFFSKLYKVPLDTTEYPEEQYVSDILNYIDHGDPQVRGATAILCGTLICSIL
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Detection repeats

Often NOT straightforward.
N-terminal human Huntingtin.
How many repeats can you find?
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VELIAGGGSSCSPVLSRKOKGKVLLGEEEALEDDSESRSDVSSSALTASVKDEISGELAA
SSGVSTPGSAGHDIITEQPRSQHTLOADSVDLASCDLTSSATDGDEEDILSHSSSQVSAV
PSDPAMDLNDGTQASSPISDSSQTTTEGPDSAVTPSDSSEIVLDGTDNQYLGLQIGQPQD
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Detection repeats

Often NOT straightforward.
N-terminal human Huntingtin.
How many repeats can you find?

EFQKLLGIAMELFLLCSDDAESDVRMVADECLNKVIKA
CRPYLVNLLPCLTRTSKRP-EESVQETLAAAVPKIMAS
NDNEIKVLLKAFIANLKSSSPTIRRTAAGSAVSICQHS
TQYFYSWLLNVLLGLLVPVEDEHSTLLILGVLLTLRYL
PSAEQLVQVYELTLHHTQHODHNVVTGALELLQQLFRT



Detection repeats

Often NOT straightforward.
N-terminal human Huntingtin.
How many repeats can you find?

EFQKLLGIAMELFLLCSDDAESDVRMVADECLNKVIKA
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SDDAESD
CRPY VN NP E KRP-EESMOE

NDNE KSSSPTIRRT
EHSTL




Detection of repeats
Dotplots

Comparing a sequence against
itself




Detection of repeats
Dotplots

TLRSSVSSPANINNS
NMTSSVCSPANISV



Detection of repeats
Dotplots

TLRSSVSSPANINNS
| 1 match

NMTSSVCSPANISV



Detection of repeats
Dotplots

TLRSSVSSPANINNS
NEBNNNAN 8 matches

NMTSSVCSPANISV



Detection of repeats
Dotplots

TLRSSVSSPANINNS
| | 2 matches

NMTSSVCSPANISV



Detection of repeats
Dotplots

TLRSSVSSPANINNS
| 1 match

NMTSSVCSPANISV



Detection of repeats
Dotplots

TLRSSVSSPANINNS

ASINY &KDAS S.LINN
(0]



Detection of repeats
Dotplots

TLRSSVSSPANINNS

ASINVASOASS.LAN



Z 9ouanbag

SEQUENCE 1 [

‘ SEQUENCE 2

Sequence 1

Window size Scoring matrix
15 BLOSUM 62

[246 x 244] # Score at (1:M, 1:R) : -8

|

Seql:1
|
MTMDKSEL{VQKAKLAEQAERYDD KAVTEQGHE
RKPLQTPT|PIRRLWTMDTSELVQKAKLAEQAERYDDM
|



Exercise 1. Using Dotlet with the human
mineralocorticoid receptor (MR)

*Go to the Dotlet web page:
http://dotlet.vital-it.ch

Click on the input button and paste the sequence of
the human mineralocorticoid receptor (UniProt id
P08235)

*Try to find combinations of parameters that show
patterns in the dot plot (Hint: You can adjust this
finely using the arrows)

*Find repetitions clicking in the diagonal patterns


http://dotlet.vital-it.ch/

Exercise 1. Using Dotlet with the human
mineralocorticoid receptor (MR)

METKGYHSLPEGLDMERRWGQVSQAVERSSLGPTERTDENNYMEIVNVSCVSGAIPNNST

Z @ouanbag

SEQUENCE 1 SEQUENCE 2

15

Seqguence 1

R
RN

Q
Q

[984 x 984] # Score at (194:V, 153:T) : 10

Seq1'194

NTPLRSFMSDEGESVNGGVMRAVVKSPI CHEKS
YSYEQQNQQGSMSPAKIYQNVEQLVKFYK NGHR

e ]

BLOSUM 62

14,000 5
12,000
10,000
8,000
6,000
4,000+
2,000+

SSVCSPAGIN SSTTASFGSFPVHSPIT
LRSFMSDSGS NGGVMRAVVKSPIMCHE



Detection of repeats

Using a multiple sequence alignment helps.
Conserved repeated patterns

2|4EI 2|5I:I 2II3III EI?'I:I ZISIII ZIQI:I E:I:II:I 5:1I:I S:EI:I
mr_dFmiod =270 = - TYF--DSDCP-TLDSATSSLTHCQHTSFNICSPYWKSS IVGSFPLFSPLSYMKSPYSSPHSIGSYRSFLSC - - NTHMRSSVWSSPTTHG
il e -973 ---TYF - -DSDPCP-SLASASTHLTRQGHHTSRFNTCSPYRSSMYGSFPLASPLEYMKSPYSSPREIGSYREFLESC - - NTHMRSSVSSPTTHG
m_cuainesdd-97 ---TFF--DSDCP-5SLASTHTHL I IQGQHTEPNTCSPYWKSSYVGSPPLASPLESY I KSPYSSPHEIGSWSSPLEC - - NTHMRESVSESPTTYG
m_orvzian-0nd TCFGPOCSAVSSPYWEQTSCAATLANI KRRNSYTCSPYESCTYGSPPLTSPLN IMRSPMSSPHEMSSWVRSPPSCSTTCHIRSESWSSPT - - -

@bt =231 MCFGPMCSSYSSPYWSOTSCASTLREFN I KRRNSATCSPYWESSTYGSPPLTSPLNIMRSPISSPRSMSSYRSPPSCSTTSNIRSSYSSPT - - -
mr_omeockmoaiz?-23d TCFAPLCSSYSSPWYEQTSCAATLAN I KRRNEYTCSPVYESSTYESPPLTSPLNYMRSPMESPRQSMESYRSPPSCSTTENIRSSWESPT - - -

f_seroou e’ f-979 - -F&MF
i Frolizd -390 - -F&MNF
mr_atigatons-255 - -F&HF
nr_t@emiopygialt-23y - - FGMNF
e g@Ne s -288 - -F&MNF
m_momodelahisf-292 - - FGSF
w_aus-980 - -F&SF
m_ratu s -5 --F&5F
o kosroe-284 - -F&SF
m_equ s -84 - -F&MNF

JalView

-TYHEPVHNOQWTPKECESPHTDHRCS | AHSP - - AGTWVES -
-TYWESSPVYNOGTPLESCSPNIENRGSMLHSPPHASNMGS -
~WYHSPINQGTPLSCSPHNIENRGSMLHSPAHASNYGS -
-SMHSPMGRQGTPLERSPNVYENRGSMLHSPAHI SNVGS -
-AMHEP IGOQGTPLERSPNYESRGSMLHSPAHWENWGS -
-PYHSEPITQGTPLPCEPNYENRSSYSHSPAHASNWGS -
-FPYHSFPITOQGTSLTCSPEVENRGSREHSPWHASNWGS -
-PYHSFPITRQGTSLTCSPSYWENRGSRSHSPTHASNYGS -
-PYHSP I TQGTPLTCESPNAENRGSRSHSPAHASNWGS -
-TYHEPITQGTPLTCESPNYENRGSRESHSPAHASNWGS -

FLSZSSPYSSMRSP
PLSSPISSMKSP
FLSSFISSMKSP
FLSSFISSMKSP
FLSSPISSMKSP
PLSSPISSMKSP
FLSSFLSSMKSPF
FLSSFLSSMKSP
FLSSPLSSMKSE
PLSSPLSSMKSP

SEPPEHASLKEPWESSPHNNITWRPSWSSPGEHMI -
SESPPESHCSVHKSEPWSSPHNNI TMRESSWSSPAMNM-
SSPFSHCSVKSFWSSPHNNITMRERSSYSSFANM-
SEPFEHCSVKEFYSSPHNNITMRESSVSSFANL -
SEPPEHCSVHKEPWESSPHNNI TMRESS WS SPANM-
SEPPEHCSVHKEPWSSPNHNYTMRERSSVSESPANIN
SEPFSEHCSVKEFWSSPNNYWFLRESSYWSSFANLN
SSPFSHCSYKSFWSSPNNYWFLRSSYSSPANLN
SESPPESHCSVHKEPWSSPNNYWTLRESVSESSPANIN
SEPPEHCSVHKEPWSSPNHNYWTLRSSVWSSPANIHN

with Regular Expression searches



Detection of repeats

Using a multiple sequence alignment helps
Conserved repeated patterns

2|-’-'ICI . 2|5EI . 2IBIZI . . ZIEHEI

wr_damia-870 ---T%F--DSDPCP-TLDSATSSELTHCQHTE B S SV GE : S PR

Wil s-07 4 ---T%F--DSDCP-SLASASTHLTOGHHTE S P =R RN : S PR
wr_oxafnus-97] ---TFF--DSDCP-SLASTHTHL IQGOHTELS L= R=R¥Rtc) = [ 5 SPERSF
wr_orymiasti-99d TCFEPRQCSAVSERMYSOTSCAATLAN T KRERNSY TCEIMWE S C TYWGE : S P |0k

wr_t@biifugus?-291 MCFEPMCSSWEENYSQTSCASTLPNI KRRNSATCENMYES S TV GE : S PR
wr_omeockmaizd-224 TCFAPLCSSWSRERRYSOTSCAATLAN I KRRENSWYTCERMYES S TWGE : =Rl 5
wr_xeroousd-979 --F&HNF - - TWVHERYMOQWTPKSCERIHTDHRECS | A H AGTWVE SER 5P
wr_grodi s =290 - -FGHF - - TWSERWMHOGTPLSCERIN | EHNRGSML HERFF H A S MG ER 5

wr_atigatos1-255 --FeNF - - VVHERMI HQGTPLSCERIN | ENRe SL HEREAH A S NY G ER s

wr_tzeniogygizdd-287 - - FGMNF - - SMHERIMG2G TPLESRERINYEN R G ShiL HERGA H | 5 WG EERE =]
wr_galles-008 --F&HF - - AMHER | GG TPLSRERINWVESRGSMLH A H WS WG SER 5P
wr_morodelalkiz =333 - - FGSF - - PYHERMI TOG TFLPCEIMNYENR SSYW S HEREA H A S NG IR 5

s 1-280 --F&SF- -PYHER ! TQG TSLTCERgS WVENRG SRS HERRY HA S NG 5

i rattess -85 - FesF--PvHEREI TaeTsL T s vENRe SRS HERATHA S NV e B 5
it _hosrod-004 - FesF--pPvHERI TaeTrLTcEdNAENRe sRs HEEd A HA S NV G B sfe cp
wr_egug s -98d - FGHF--TVvHERI Tee TPLTCERRANVENRG s RS HERR A H A s nv  ER 5 P [T = F I
=0l x|
Find Next
SP
Find Firf<, all

[ Match Case Mew Feature

JalView with Reqular Expression searches



Detection of repeats

Using a multiple sequence alignment helps
Conserved repeated patterns

JalView with Regular Expression searches



Detection of repeats

Using a multiple sequence alignment helps
Conserved repeated patterns

JalView with Regular Expression searches

eReqgular Expressions:
[LS]P.A

matches L or S, followed by P, followed by
anything, followed by A



Detection of repeats

Using a multiple sequence alignment helps
Conserved repeated patterns

JalView with Regular Expression searches

eReqgular Expressions:

[LS]P.A

matches L or S, followed by P, followed by
anything, followed by A

Which one is not matched?
«LLPTA, SPAA, LPPA, LPAP, SPLA



Detection of repeats

Using a multiple sequence alignment helps
Conserved repeated patterns

JalView with Regular Expression searches

eReqgular Expressions:

[LS]P.A

matches L or S, followed by P, followed by
anything, followed by A

Which one is not matched?
«LPTA, SPAA, LPPA, LPAP, SPLA



Exercise 2. Using JalView with a MSA of
the MR with orthologs

Load the multiple sequence alignment of the
MR in JalView: MR1_fasta.txt (from URL:
https://cbdm.uni-mainz.de/
files/2015/02/MR1_fasta.txt)

‘Use the “Select > find" (of Ctrl+F) option with a
regular expression and mark all matches (click
the "Find all” option!)

*Try to find the expression that matches more
repeats. How many repeats do you see? How
long are they? Would you correct the alignment
based on these findings?



First time running JalView?

Remove annoying start:

Go to
Tools > Preferences > Visual

Un-tick option “"Open file”

2 Preferences

Backups
Visual

Links
Colours
Open new alianment

Maxamize Weindow

Open Overview W
Full Sequence ¢ i
Raght Align los | ]
Font

Show Unconserved J
ftalic Seguence ids 71
Smocth ‘cnl: ]

Scale Proten to cDNA _}
Gap Symbod

Wrap Alignment ]
Sort abgnment by

Sort annotations by

Open fle }

[

(=)
Output Editing Web Services
Overview Structure Connections

Quality ,r;]

Show annctations l‘/

Conservaton ls/ Consansus L\/] Occupancy
Show Group: Conservation ‘:_J Consensus :
Consensus: Histogram m Logo [
SansSerd v 14 v plain v
Sequence ID Tooltip
List Database References \/f
List Non-postional Features V|
No sort
No sort Autocalculated first v
hetp://www.jalview. crg/examples/exampleFile_2_3.j2

OK Cancel




#T1 #T2 #T3 #T4 #T5 #T6 #T7
S DR R Yo RN I A wI=To RN RN S -, Yo WA IR <5 o NN ISR, o DR IR~ c (o JUDRN IS~ (o B M TSRS 1 1o M IO RS- X:1s D I
IR T T R I (Y M ITORRDRR - <R S VIA I RN TR | RSN I S| Y RO IO /1 DR AR IO I DRI T
1158508572 | Hsapiens SGSSVNGGVMRAVVKSP IMCHHKSP SVCSPLN-MTSSVCSPAGINS VS STTA- SEGSFPVHSP IQJGTPLTCSPNYENRGSRSHSPAHA-SNVGSPLSSPLYS
31324675 | Cjacchus SGSSVNGGVMRAIVRSPIMCHHKSP SVCSPLN-MTSSVCSPAGINSESSTTA-SEHGSFPVHSP IMJGTPLTCSPNYENRGSRSHSPAHA-SNVGSPLSSPLYS
1126331313 |Mdomestica SGNSVNGSIMRSIVKSPIMCHHKSP SVCSPLN-JMNSSVCSPAGIINS VS STTA-NEGSFPVHSP IQJGTPLPCSPNYENRS SVSHSPAHA-SNVGSPLSSPISS
| 73978292 | Clupus SGSSVNGGVMRAIVKSPIMEHHKSP SVCSPLN-MTSSVCSPAG SSVSSTSA-SHGSFTVHSP IMQYGTPLTCSPNYENRGSRSHSPAR-——-VGSPLSSPLYS
301763180 | Amelanoleuca SGSSVNGGVMRATVKSP IMEHHKSPSVCSP LN-JMTSSVCSPAG SSVSSTSA-SHGSFTVHSE ITQGTPLTCSPNYENRGSRSHSPAHA-SNVGSPLSSPLES
| 6981208 |Rnorvegicus SAASMNGGALRATVKSPII[HHKSSSVSSPLN SSVCSPVEINSMSSSTT-SHGSFPVHSP IQGTSLTCSP SYENRGSRSHSPTHA -SNVGSPLSSPLSS
1144227212 |Mmusculus SGTSMNGGALRAIVKSPIILHHKSPSVCSPLN-MPSSVCSPAGINSMSSSTA-SEHGSFPVHSP IMYGTSLTCSP SYENRGSRSHSPVHA-SNVGSPLSSPLYS
148224443 |Xlaevis SDKSMNGKLKSNTVKSPLS) SHKNLSVGSP SV LPVCSPTGISSTSCST——TEGNETVHSPVNIVT PKSCSPHIDNRCS IAHSPAGT —— [VESPLSSPVSS
327274009 |Acarolinensis CANSMNGS IMPSIMKNPRI|TQHRSPPDCSPQ-—MTSSVCSPPGINSVT STTPTNEGNETVSSPVNOGT PLSCSPNIENRGSMLESP PHA-SNMGSPLSSPISS
|115529242 | Tquttata SGSTVNGGAMHTIVKSPIMCOHKSPSGCSP QN SSVCSPAGVNSMS STTA-SEGNFSMHSPMAQGT PLSRSPNYENRGSMLHSPAHTI -SNVGSPLSSPISS
225936142 |Ggallus SGSAMNGGAMHAVVKSPIVEQHKSPSGCSP QN SSVCSPAGVNSVSSTTA-NEGNFAMHSP TQjGT PLSRSPNYESRGSMLESPAHV-SNVGSPLSSPISS
239923135 |Rrutilus GSHQPSGGPQECAVVSASVESGMASVLSCSSDGGPGPMSSP THNMVS STTSPTYFDSDCPSLASASTNLTQGHH- -~ SPNTCSPVKSSMV[GSPPLASPLYV
154240734 |Drerio GAQLPNGGPQECAVVSDSVPSALVTALSSSTD——GSCPMSSPTEHNMVS STTSPTYFDSDCPTLDSATS SLTHCQH-——|ISPNICSPVKSSIVIGSPPLPSPLYV
#F2 #F3 #F4
#T8 #T9 | | #T10 #T11 #T12 #T13| | #T14 #T15
2700000 . 4800 e ged. L L 30  ——— L u310 L ) L 32000 433000l Fgon s 3Bl L u3600 1. -
S [PPSR IO -2 | R Y IOR™ "N RS | PR (PR | IO P [N Rl DRSS Y [RRR [ | PR IR | R [P ™ "o [P
|158508572 | Hsapiens MKSSISSPPYHCYVKSPVSSPNNVILRSSVSSPANIN-—--NSRCSVSSPSNTNANRSTLSSPAAS-{TVGS ICSPVNNAFS Y TASGT SAGSSTLRDVVE SPDTIQE -
131324675 | Cjacchus MKSSISSPPYHCYVKSPVSSPNNVILRSSVSSPANIN-—--NSRCSVSSPSNTN-NRSTLSSPAS-{TVGS ICSPVNNEFSYTASGT SA3SSTSRDVVE SPDTIQE -
1126331313 |Mdomestica MKSPISSPPYHCYVKSPVSSPNNVIMRSSVSSPANIN-——-NSRCSISSPSNTN-NRSTLSSPALS-MVGSSICSPGNNAFSFAASATSVIGSSTTQDVIPSPETNE -
| 73978292 | Clupus MKSPISSPPYHCYVKSPVSSPNNVILRSSVSSPANIN-—--NSRCSVSSPSNTINANRSTLSSPTAS-{TvGs ICSPUNNAFS Y TASGT PASSSYARDVVE SPDTIQE -
301763180 | Amelanoleuca MKSPISSPPYHCYVKSPVSSPNNVILRSSVSSPANIN-—--NSRCSVSSPSNTN-NRSTLSSPTHS-{TvGsIcsPVNNEFSYTASGT PASSSHARDVVE SPDTIQE-
| 6981208 | Rnorvegicus MKSPISSPPYHCYVKSPVSSPNNVHLRSSVSSPANLN-——-—NSRCSVSSPSNNTYNRSTLSSPTAS-{TvGs 165P I9NAFSYATSGASAGAGH I QDVVPSPDIHE-
144227212 |Mmusculus MKSPISSPPYHCYVKSPVSSPNNVHLRSSVSSPANLN-——-—NSRCSVSSPSNTNANRSTLSSPTAS-{TvGs 16SP I9NAFSYTTSGASAGAGH I QDMVP SPDTHE-
1148224443 |Xlaevis MRSPISSPPHAYLKSPVSSPNNITVRPSVSSPGNI————— MIRSSLSSPSHAN-|NRSTISSPARS-dMGSSICSPAYSTILGFLPGVMPTIDG-{GTASDISAETKD—
327274009 |Acarolinensis MKSPISSPPHCYVKSPVSSPNNITYMRSSVSSPANM————— MSRCSIASPSNAN-NRSTLSSPAYS-1vGSSMCSPVNGALSFPPSSTPVGPGIGQDIVSSPDIKDY -
115529242 | Tquttata MKSPISSPPJHC VKSPVSSPNNIﬂMRSSVSSPAhL ————— MSKSSIASPSNAN-NRSTRSSPAYS-TVGSSICSPVNNSIGFLPSGTPVGPSHSQDTVESPETKD-
225936142 |Ggallus MKSPISSPPHCYVKSPVSSPNNITYMRSSVSSPANM————— MSRSSIASPSNAN-NRSTRSSPAYSTYGGSSICSPVNSYLGEPASSTPAGPSHSQDTVPSPETKD—
239923135 |Rrutilus MKSPVSSPRYTIGYVRSPLSCNTN-{MRSSVSSPTTNGGNTCHIRPSISSP PV-————————————— GSMAMSSPRNSSRGFSVSSP PSGLGIVONDVNSPESRE-
|154240734 |Drerio MKSPVSSPHYTIGYVRSPLSCNTN-{MRSSVSSPTTNGGNTCHIKPSISSPPTA-————————————— GSMSMSSPRNSSRGFSVSSP PSELGIVONDVNSPESRE-
#F5 #F6 | | #F7 #F8 E8 | | #r10 #F11

Vlassi et al. (2013) BMC Struct. Biol.
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Composition bias



Definition
14% proteins contains repeats (Marcotte et
al, 1999)

1: Single amino acid repeats.

2: Longer imperfect tandem repeats.
Assemble in structure.



Definition CBRs

Perfect repeat: QQQQQQQQAQQAQ

Imperfect: QQQRQRPQQQQQQ
Amino acid type: DDDDDEEEDEDEED

Compositionally biased regions (CBRs)

High frequency of one or two amino acids in
a region.

Particular case of low complexity region



Function CBRs

Conservation => Function

Length, amino acid type not necessarily
conserved

Frequency: 1 in 3 proteins contains a
compositionally biased region (Wootton,
1994), ~11% conserved (Sim and Creamer,
2004)



Function CBRs

Conservation => Function

Length, amino acid type not necessarily
conserved

Functions:

Passive: linkers

Active: binding, mediate protein interaction,
structural integrity

(Sim and Creamer, 2004)



Structure of CBRs

Often variable or flexible: do not easily
crystalize



1CJF: profilin bound to




2IF8: Inositol Phosphate Multikinase Ipk2

D55P b — —

Site Record o
FOEMDTVMNNYRVLEHKAAGHDGTLTDGDGLL I FKPAFPQELEFYKA | Q\-"RD\-"S REKSSADGDA
FDE 26 20 40 60
DSSP— - —_ —

Site Record o 00
PDBPLCSWMFTYLGVLNEGAK IEQSGDAALLKIDERLSDSTDNLDS I PVEKS EKSKQYL\-’L EML
FDE gy 70 120
D.SSF-L n & R R R R -._ - -._ ™

Site Record o=—0
PDBLYGFSKFNILDIKLGKTLYDSKASLEKRERMK SETTTSGSLEFRICGMK IOKNPS VLM
FDE 15, ' 130 140 150 : ' ' 170 ' 180

DS5P g — —

5ite Record

rDBQLS LEYYEEEADSDY IFINKLYG RS RTDQN\-"S DA I ELYFNN P'HLS DARKHQLKKTFLKRL

FDE ygy 190 200 210 220 230 290
DSSF . e 1 n . 1 _ﬁ

Site Record o—0
FOEQL FYNTMLEEEVRMI SSSLLFI YEGDPERWELLNDVDKLMRDD DDDDDDDDNDDDDDD
FDE 34, ' 250 260 270 280

Site Record o
FOEDAEGSSEGPKDKKTTGSLSSMSL I DFAHS El TPGKGYDENV | EG‘\I"ETL LDI FMKFLEHHH
FDE 317 320 330 340 350

DS5P

Site Record

PoEHHH
FDE



2IF8: Inositol Phosphate Multikinase Ipk2

RVEETTTSGEL



2CX5: mitochondrial

cytochrome ¢




2CX5: mitochondrial
cytochrome c
B subunit N-terminal

FFEFFIFVENF




Amino acid repeats

Distribution is not random:

Eukaryota:
Most common: poly-Q, poly-N, poly-A, poly-S, poly-G

Prokaryota:

Most common: poly-S, poly-G, poly-A, poly-P
Relatively rare: poly-Q, poly-N

Very rare or absent in both eukaryota and prokaryota:
Poly-I, Poly-M, Poly-W, Poly-C, Poly-Y

Toxicity of long stretches of hydrophobic residues.

(Faux et al 2005)
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Mier et al. (2017) Proteins



Homorepeats are frequent but

difficult to characterize bablo
Mier

e.g. polyQ:
MATLEKLMKAFESLKSFQQQO0000000000000000000QPPPPPPPPPPPQL PQP

* 10% of human proteins have homorepeats
* lack sequence conservation
* not possible to predict function by homology

Homorepeats need to be studied in context



Martin
Schaefer

Function of polyQ

polyQ in Huntingtin

Human VAEEBLUREKEELSATRRDRVH| [RMACSALRHCTMSLCSSTLSELGL---- -- -

Dog [LMEAFESLESFROROQORGRE----------- VAEEPLUREKKELSATREDRVY| [EMACSAVRHCIMSLCGSTLSELGL---- - --

Mouse [WMEAFESLKSFQRQOQQQEEEY- - ----------ABEPERRERREQPEQRERAGE---———---- GIAEE LHREKKELSATEEDRYN| [RMACSAVRHCIMTVCSSTLSELGL---- - -

Opossum  [LMEAFESLK S FQORAGUPRARE--~----—---—-- SGVEEBAHREKKELSTTREDRVY| [FLACTAVENCVMSLCSS5YSELGL---- - -

Chicken KLACTAYRECVMELCESCPSELGL---- - -

0 B T 1 eBBrarkoBeHEEDRVY  [KLACTAVRRCVMSLOSSSYSELGL---- -- --

Zebrafish  [IHEAPESTKSFQERE- -~~~ -=====m=mmoo oo FFEDLATTEEDRYT| [RLACTAVRECVLSLCSSSYSDLGL---- - -

Trout ROKKEQATTERDRYT| [KLACTAVRHCIMBLCSSEYSELGL---- -- --

Fugu AR TVEREKKEQATTRRDRVS| [KLACMAVRHCIMTLCCATY SELGL---- -- -

Stickleback - -- R AR LVARQRKEQATTREDRYT|  [FMACAAVRHCIMALCNGSLSELGL---- - -

Lancelet -- -- -- - - - SKKKELAVGERDRYA GMAIIGVKLCLNSLMKSDESILSW---- -- --

Capitella  [LVEAFEALKIFQEGITGEETSA -- -- -- ---ERKDQABLEKEERIA [RBACSAVTSCVHTLLNSMYF3YGL---- -- -

Limpet [LIRAPEALKVLKKDQE- - -- -- -- -- SREDEMY| [REACSAVTSCVNTLLNAECFTYGL---- -- --

Nematostella [LLENFEALKNEREGI TDTN' - -- -- -- --LARKKEGLLBIKDRIS| [R CAAVKVCFNLLCSSIHCSHAL---- -- --

Trichoplax  [\LRAFEALENTYECAREEDER - - -- e RREVLTTRERTF| RMACVALETCLVTLLJSSSGDLGL---- - -

Ciona intestinalis  [LVESVNALKFFYGGLESEDKT - -- -- S — KDALIsINERli RIGLIALISCLASLLDSCHGGLGL---- . .
Ciona savignyi [WVRSVNALKFFHGGLESEDKT - - -- e kpstfsprany| ReazserocrsertassfsriaL----

K

D. melanogaster

FVGEVEQLRNTECSE- - -

EIT|

TRALNAFDKIF BHVVIEYLTE

D. mojavensis [FI5HVIQLRNTECEQ-- - -- -- -- -- gOrra| [HALNAPDKIFBRVVSEYLTEBECHY HAHOROODOOT E 0000 - - - -
D. sechellia [FVGEVEQLRNTECER-- - -- -- -- -- EQRIT| [[EALNAFDKIFENVVSEYLTERECHYHAHOOOROOOKFO000-----
D. erecta [FVGEVEQLRNTECEQ-- - -- -- -- -- EQRIT| [T@ALNAPDKIFBHVVAEYLTE
D. yakuba [FVGEVEQLRNTECHQ-- - -- -- -- -- EQKIT| [THALNAFDKIFBHVVARYLTE
D. grimshawi [FTGYVDRLRNTECER-- - -- -- -- -- EQFTA| [TMALNAFDKIFBHVVSEYLT
D. pseudoobscura [FTGEVIQLRNTECEQ-- - -- -- -- -- EQRIT| [THALNAFDKIFBHVVSEYLT
D. persimilis [FTGEVDELRNTECER-- - -- -- -- -- w0rr7| [OALNAPDRIFBRVVSEYLTSBECHYHAHOORE- - - KX O0000dcE00- - - --———--------
D. ananassae [FIGEVEQLRNTECEQ-- - -- -- -- -- EQFTA| [TMALNAFDKIFBHVVSEYLT
D. willistoni  [FIGYVDRLRNTECER-- - -- -- -- -- ROrTy| HALNAPDRIF BHVVSEYLTGRECEYHARG------ FROULO00R- - - -~ ------------
D. virilis  [FTGHVDELRNTECER-- - -- -- -- -- EQrTal [[HALNAFDEIFBRVVAEYLT

Schaefer et al (2012) Nucleic Acids Res.




Exercise 3. Search for a polyQ insertion in
the MR family

*Open in Jalview the alignment of the
mineralocorticoid receptor: MR1_fasta.txt

Find a polyQ insertion.

Do you see any other biased region nearby?
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