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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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Sequence, long, imperfect, tandem
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Definition repeats
Sequence, long, imperfect, tandem

MRAVVKSPIM CHE
KSPSVCSPLN

MTSSVCSPAG INSVSSTTASE
GSFPVHSPIT QO
GTPLTCSPNV EN
RGSRSHSPAH ASN
VGSPLSSPLS S
MKSSISSPPS HCS
VKSPVSSPNN VT
LRSSVSSPAN INN



Definition repeats
Sequence, long, imperfect, tandem

MRAVVKSPIM CHE
KSPSVCSPLN

MTSSVCSPAG INSVSSTTASE
GSEFPVHSPIT Q
GTPLTCSPNV EN
RGSRSHSPAH ASN
VGSPLSSPLS S
MKSSISSPPS HCS
VKSPVSSPNN VT
LRSSVSSPAN INN



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
GSEFPVHSPIT Q
GTPLTCSPNV EN
RGSRSHSPAH ASN
VGSPLSSPLS S
MKSSISSPPS HCS
VKSPVSSPNN VT
LRSSVSSPAN INN
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A subunit PP2A structure

G AR TRl 7Y
J'\ ~ i Iy
e (o %’f
& 1,-'-6 T ‘
R Fyes
x)) \
QG
PDB:1b3u ‘iw
Groves et al. (1999) Cell Kﬁ\ <



Ap1l Clathrin Adaptor Core

PDB:1w63

Heldwein et al. (2004) PNAS




Ap1l Clathrin Adaptor Core

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



iI-TASSER model of
D. melanogaster
thr protein
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Definition CBRs

Perfect repeat: QQQQQQQQAQAQNQ

Imperfect: QQQQPQQQQQQ
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



Detection CBRs

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

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

MATLEKLMKAFESLKSEQQQOQOOQQOOQQ0000000Q0QPPPPPPPPPPPOLPOPPPQAQP
LLPOPOPPPPPPPPPPGPAVAEEPLHRPKKELSATKKDRVNHCLTICENIVAQSVRNSPE
FOKLLGIAMELFLLCSDDAESDVRMVADECLNKVIKALMDSNLPRLOLELYKETIKKNGAP
RSLRAALWRFAELAHLVRPOQKCRPYLVNLLPCLTRTSKRPEESVQETLAAAVPKIMASFEG
NEANDNEIKVLLKAFIANLKSSSPTIRRTAAGSAVSICQHSRRTQYEFYSWLLNVLLGLLV
PVEDEHSTLLILGVLLTLRYLVPLLOQOQVKDTSLKGSFGVTRKEMEVSPSAEQLVQVYEL
TLHHTQHODHNVVTGALELLOOLFRTPPPELLOTLTAVGGIGQLTAAKEESGGRSRSGST
VELIAGGGSSCSPVLSRKQKGKVLLGEEEALEDDSESRSDVSSSALTASVKDEISGELAA
SSGVSTPGSAGHDIITEQPRSQHTLOADSVDLASCDLTSSATDGDEEDILSHSSSQVSAV
PSDPAMDLNDGTQASSPISDSSQTTTEGPDSAVTPSDSSEIVLDGTDNQYLGLOIGQPQD
EDEEATGILPDEASEAFRNSSMALQOQAHLLKNMSHCRQPSDSSVDKEVLRDEATEPGDQE
NKPCRIKGDIGQSTDDDSAPLVHCVRLLSASEFLLTGGKNVLVPDRDVRVSVKALALSCVG
AAVALHPESFFSKLYKVPLDTTEYPEEQYVSDILNYIDHGDPQVRGATAILCGTLICSIL
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Detection CBRs

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

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

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

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

MATLEKLMKAFESLKSEQQQOQOOQQOOQQ0000000Q0QPPPPPPPPPPPOLPOPPPQAQP
LLPOPOPPPPPPPPPPGPAVAEEPLHRPKKELSATKKDRVNHCLTICENIVAQSVRNSPE
FOKLLGIAMELFLLCSDDAESDVRMVADECLNKVIKALMDSNLPRLOLELYKEIKKNGAP
RSLRAALWRFAELAHLVRPOKCRPYLVNLLPCLTRTSKRPEESVQETLAAAVPKIMASFG
NFANDNEIKVLLKAFIANLKSSSPTIRRTAAGSAVSICQHSRRTQYFYSWLLNVLLGLLV
PVEDEHSTLLILGVLLTLRYLVPLLOQQOVKDTSLKGSFGVTRKEMEVSPSAEQLVQVYEL
TLHHTQHODHNVVTGALELLQOQLFRTPPPELLQTLTAVGGIGQLTAAKEESGGRSRSGSI
VELIAGGGSSCSPVLSRKOQKGKVLLGEEEALEDDSESRSDVSSSALTASVKDEISGELAA
SSGVSTPGSAGHDIITEQPRSQHTLOQADSVDLASCDLTSSATDGDEEDILSHSSSQVSAV
PSDPAMDLNDGTQASSPISDSSQTTTEGPDSAVTPSDSSEIVLDGTDNQYLGLOIGQPQD
EDEEATGILPDEASEAFRNSSMALQOQAHLLKNMSHCRQPSDSSVDKEVLRDEATEPGDQE
NKPCRIKGDIGQSTDDDSAPLVHCVRLLSASEFLLTGGKNVLVPDRDVRVSVKALALSCVG
AAVALHPESFFSKLYKVPLDTTEYPEEQYVSDILNYIDHGDPQVRGATAILCGTLICSIL



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
CRPYLVNLLPCLTRTSKRP-EESVQETLAAAVPKIMAS
NDNEIKVLLKAFIANLKSSSPTIRRTAAGSAVSICQHS
TQYFYSWLLNVLLGLLVPVEDEHSTLLILGVLLTLRYL
PSAEQLVQVYELTLHHTQHODHNVVTGALELLQQLFRT

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
NEENNNAN 8 matches

NMTSSVCSPANISV



Detection of repeats
Dotplots

TLRSSVSSPANINNS
| | 2 matches

NMTSSVCSPANISV



Detection of repeats
Dotplots

TLRSSVSSPANINNS
| 1 match

NMTSSVCSPANISV



Detection of repeats

Dotplots
TLRSSVSSPANINNS

ASINVdSOASS.LNN
L



Detection of repeats

Dotplots
TLRSSVSSPANINNS

ASINVASOASS.LNN



Z @ouanbag

SEQUENCE 1 ‘

SEQUENCE 2 window size Scoring matrix
15 BLOSUM 62

n [

Seguence 1
e

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

Seql:1
|
MTMDKSELIVQKAKLAEQAERYD KAVTEQGHE
RKPLQTPTIPIRRLWTMDTSELVQKAKLAEQAERYDDM
|



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)

Click on the “compute” button
*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 Regular Expression searches



Detection of repeats

Using a multiple sequence alignment helps
Conserved repeated patterns

JalView with Reqgular Expression searches



Detection of repeats

Using a multiple sequence alignment helps
Conserved repeated patterns

JalView with Reqgular Expression searches

eRegular 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 Reqgular Expression searches

eRegular 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



Detection of repeats

Using a multiple sequence alignment helps
Conserved repeated patterns

JalView with Reqgular Expression searches

eRegular 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”

IE_-|"

2, Preferences

Backups Links
Visual Colours
Open new alianment
Manomize ‘Window
Open Overview .___
Full Sequence Td E
Right align [ds [ ]

=

-

Shiowy LUncondgaryad -
ftalic Saguence fds v
Smooth Font |

Scale Protein to cDNA| |

Gap Symbo

Wrap ﬂ.||:'||-r.=r||_: |
Sart algrment by
Sort annotations by

Open file | |

=

—l Show annotations |j

L
F==Fe -

Web Services
Connections

Cuality |j|

Conservatan |:¢i Consensus I_fJ Oecupancy

Cutput Editing
Overview Structure

Shiow Group: Congenvation D COrSanEsR
Histogram \fl Logo

SansSerd w | il W plain L

Sequence ID Tooltip
List Databace References u’!
List Mon-posthanal Features [«
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T
No sort b
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0K Cancel




#T1 #T2 #T3 #T4 #T5 #T6 #T7
S X DR R Yo NN I A wI=To RN RN S -, Yo WA AR <15 o NN NN, o DR IR c (o DDA IS~ (o B M TS 1Yo M I TN RN Y:1s B I
IR T T R I (Y M VTR - PR S VI I RN TR | RSN I | Y RO IO /T DR AR IO I DRI T
1158508572 | Hsapiens SGSSVNGGVMRAVVKSP IMCHHKSP SVCSPLN-MTSSVCSPAGINS VS STTA- SEGSFPVHSP IMYGTPLTCSPNYENRGSRSHSPAHA-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 GSHQPSGGPQECAVVSASVESGMASVLSCSSDGGPGPMSS P THNMVS STTSPTYFDSDC PSLASASTNLTQGHH- -~ SPNTCSPVKSSMV[GSPPLASPLYV
154240734 |Drerio GAQLPNGGPQECAVVSDSVPSALVTALSSSTD——GSCPMSSPTEHNMVS STTSPTYFDSDCPTLDSATS SLTHCQH-——|ISPNICSPVKSSIVIGSPPLPSPLYV
#F2 #F3 #F4
#TS8 #T9 #T10 #T11 #T12 #T13 #T14 #T15
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|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 VKSPVSSPNNI%MRSSVSSPABL ————— 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 B8 | | #r10 #F11

Vlassi et al. (2013) BMC Struct. Biol.
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Modelling with trRosetta...




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: QQQQQQQQAQAQNQ

Imperfect: QQQQPQQQQQQ
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 — —
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2IF8: Inositol Phosphate Multikinase Ipk2

RVEETTTEGEL



2CX5: mitochondrial

cytochrome c
B subunit N-terminal




2CX5: mitochondrial
cytochrome c
B subunit N-terminal

FFFEFIFVENF




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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Filtering out CBRs

Normally filtered out as low complexity
region: they give spurious BLAST hits

9]0/0/0/0/0/0,0]0]¢
PR
0000000000 10/10 id

IDENTITIES

EERREEEEE
IDENTITIES 10/10 id



Filtering out CBRs

Normally filtered out as low complexity
region: they give spurious BLAST hits

9]0/0/0/0/0/0,0]0]¢
PR
Q000000000 Shuffle: 10/10 id

IDENTITIES

EERREEEEE
IDENTITIES 10/10 id



Filtering out CBRs

Normally filtered out as low complexity
region: they give spurious BLAST hits

9]0/0/0/0/0/0,0]0]¢
PR
Q000000000 Shuffle: 10/10 id

IDENTITIES

|
STINDIETTE Shuffle: 2/10 id



Filtering out CBRs

Option for pre-BLAST treatment

SEG algorithm:

1) Identify sequence regions with low
information content over a sequence window
2) Merge neighbouring regions

Eliminates hits against common acidic-,
basic- or proline-rich regions

(Wootton and Federhen, 1993)



AI R9 (1708 aa)
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Buschmann, et al (2006).

. : : _ Current Biology.
3 Microtubule localization of Ax-GFP Buschmann, et al (2007).
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Homorepeats are frequent but

difficult to characterize Bablo
Mier

e.g. polyQ:
MATLEKLMKAFESLKSFQQO000000000000000000Q00PPPPPPPPPPPQL 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

Dog

Mouse
Opossum
Chicken

Frog

Zebrafish

Trout

Fugu
Stickleback
Lancelet
Capitella

Limpet
Nematostella
Trichoplax
Ciona intestinalis
Ciona savignyi
D. melanogaster
D. mojavensis
D. sechellia

D. erecta

D. yakuba

D. grimshawi

D. pseudoobscura
D. persimilis

D. ananassae

D. willistoni

D. virilis

DEDDEPEEPEDQLEQEDD
————————————————— DPEPEPRQPRQPLD

ELLE PIPPPPPPPPPPGPAVAEEPLHRPKKELSATKKDRVN
PPLP E-PEPPPPPRPEGEAVAEE BLHREKKE LS ATREDRVN

———————————— AEPRPRPREPEQRPOPEPQGH---------- PEPPEPRLEGEAEE ELHREKKEL SATKEDRVN
PRAPR-------------- PPPPPPPIPP ELEQE SP.P EEPRPRPPRRGESGVEEBAHREKKELSTTREDRV
PAAIPE——EPTIRPADPIWKLGSWPPAPT FDTDAKSLIERLNRRT GNAVVELGTLI SSLEE LF HFRKKELLTTEEDRVN
—————— VEVVEEERARFAKKDESTHNEEDRVN

-- mmmmmmmmmmmmmm oo GELSAEELVERGKEDLATTEEDRYT
-- mmmmmmmmmmmmmm oo GRETAEEIVERGKEEQATTREDRYT
-- mmmmmmmmmmmmmm oo GRETAEEIVERGKEEQATTREDRYE
-- mmmmmmmmmmmmmm oo GRETAEELVERGKEEQATTREDRVT
-- -- -- ---3RKEELAVGEEDRVA|
LVEAFEALKIFQBGITGEET 5A - -- -- -- ---KRKDIAPLSKKEKIA
LIKAFEALKVLKKDIP- - -- -- -- -- BSEEDEMV]
LLENFEALKNFREGIEVTDTNE - -- -- -- --LARKKEGLLEIFDRIS
LLRAFEALKNYYEGABEEDER - -- -- mmmmmmmmmmmmmommoee KKEVLITEERIF
LVESVNALKFFYGGLE SEDKT - -- -- bt IKDALISPNERI;
LVESVNALKFFHGGLS SEDKT - -- -- bt KDELQSETER)
FVGEVEQLRNTECSE- - - -- -- -- EQETT]
FISHVDRLRNTECSE- - - -- -- -- -- EQETA
FVGEVEQLRNTECSE- - - -- -- -- -- EQETT]
FVGEVEQLRNTECSE- - - -- -- -- -- EQETT]
FVGEVEQLRNTECSE- - - -- -- -- -- EQETT]
FTGYVDRLRNTECS@- - - -- -- -- -- EQETA
FTGFVDRLRNTECS@- - - -- -- -- -- EQETT]
FTGFVDRLRNTECS@- - - -- -- -- -- EQETT]
FIGFVEQLRNTECS@-- - -- -- -- -- ERETA
FTGYVDRLRNTECSE- - - -- -- -- -- ERETYV]
FTGHVDELRNTECS@- - - -- -- -- -- EQETA

Schaefer et al (2012) Nucleic Acids Res.

FMACEALRHCIMSLCSTLIELGL----

FMACEAVRHCIMSLCGSTLIELGL----

FMACEAVRHCIMTVCRSTLIELGL----
FLACTAVRNCVHSLCRS8YSELGL----

FLACTAVRHCVMSLCRSCFSELGL----

FLACTAVRHCVMSLCRS8YSELGL----
FLACTAVRHCVLSLCRS8YSDLGL----

FLACTAVRHCIMSLCRS8YSELGL----

FLACMAVRHCIMTLCCSTYSELGL----
FMACAAVRHCIMALCNGSLSELGL----

GMAIIGVKLCLNSLMKSDESILSW----

ROACEAVT SCVHTLLNSMYF 3YGL----
ROACEAVT SCVNTLINSECFTYGL----

RUACAAVEVCENLLCE SEHCEHAL----

RMACVALKTCLVTLLISSSGDLGL----

RIGLIALISCLASLLDSCHGGLGL----
RCALLSFRGCFSEILHSSISHLAL----

TRALNAFDKIF BHVVIEYLTERBCHYHAH
TRALNAFDKIF BHVVIEYLTERBCHYHAH
TRALNAFDKIF BNVVIEYLTERBCHYHAH
TRALNAFDKIF BHVVIEYLTERBCHYHAH
THALNAFDKIF BHVVIEYLTERECHYHAH
LNAFDKIF BAEVVIEYLTARECHYHAH
LNAFDKIF BHEVVIEYLTARECHYHAH
LNAFDKIFPHVVSKYLTSPPCHYIAH
LNAFDKIF BAEVVIEYLTGRECHYHAH

i
i
i
i
TRALNAFDKIF BHVVIEYLTGRECHYHAH
i

LNAFDKIF BEVVIEYLTARECHYHAH




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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