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avadEpPETAL PNTWC.

oS0

% MavemoTtApio AuTikng Makedoviag



Xpnuatodotnon

e To mopov eKMALSEVUTLKO UALKO €XEL avamtuxOel ota mAalola
Tou ekmatdevtikol £pyou tou dtdaokovta.

* To €pyo «Avoikta Wndraka Madnpata oto Naveniotquo
Avtikng Makedovioc» £xeL xpnUatodoTnOEL HOVO TN
avadlapopPpwaon tou ekmatdeutikol VALKOU.

* To €pyo uhomoleital oto mAaiolo Tov Emxelpnolakou
Mpoypappoatog «Ekmaidbevon kat Ao Biov Mabnon» kot
ocuyxpnuotodoteitol amo tnv Evpwmnaikn Evwon
(Evpwraiko Kowwwviko Tapelo) ko amo €Bvikou ¢ mopouc.

@AMMH k/—“ AIA BIOY MAéHiH — Ez nA
L EE=] < [ npévpopyo yo v ovimuta

YNOYPTEIO AIAEIAL KA IPHEKEYMATAQON

Evpwmaikn ‘Evwon
Evpwnaiké Kowwviké Tapeio

Me tn ouyxpnuatodérnon tng EAAadag kat ¢ Evpwnaikrg Evwong

Kf,“ ™
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2 KOTTOC TOU potOnuatoc

* [livakec avtikataotaonc PAM.

 The log odds form (the mutation data matrix) of PAM250.
* [livakec avtikataotaonc BLOSUM.

* Nucleic acid PAM Scoring Matrices.

* OLTIOLWVEG yLO TAL KEVAL.

* JTOTLOTLKI ONMAVTLKOTNTO TNE oToixlong aAAnAouxLwy.

e P-value, E-value, Z-score.

e Omrtkn cVyKpLon aAAnAouxLwv.

e Alaypappata nvakwyv onpeiwv — Dot plots.

e Oopufoc» ota dot plots.

I MavemoTiuio AuTtikig Makedoviag
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[Tl cuykplon aAAnAouxLlwy;;;

e JUUMEpPAOHOTA YA AsLToupyla evoc yovidiou (piog mpwteivng).

— Otav dVo yovidla £xouv HEYAAO TTOOOOTO OUOLOTNTOC, TOTE TBava
KwOLKOTIOLOUV TIPWTELVEC UE TTapopoLa AELTou pyia.

e JUUEPAOCUOTO YLOL ONLOVTLKEC TIEPLOXEC OTNV aAAnAouyia
yoviSiwv/mpwteivwv.

— Otov NPWTEIVEC LE CUYKEKPLUEVO XOPOKTNPLOTLKO polpalovTal KoL)
TEPLOXN, TOTE QUTN N Kol TtepLoxn elval mBava utevBuvn yLo To
OUYKEKPLUEVO XOPOLKTNPLOTLKO.

e JUuMTEPAOMOTA YO TNV EEEAEYKTLKN amootaon METAEL 3 eldwv.

— Otav n aAAnAovuyia plac mpwteivng eivat oxedov n idla petav
2 eldwv (movtikl kot apoupaioc), TOTe Ta 16N auTa elvol
«KOVTO».

\/ ; MavemoTrApio AuTikng Makedoviag



2UyKpLon MpwIeivwy - E€aywyn
OUUTTEPAOHATWY VLo TN Asttoupyia (1/4)

* Protein A expressed in colon cancer:

TCGCTGCGAAGGACATTTGGGCTGTGTGTGCGACGCGGGTCGGAGGGGCAGTCGGGGGAACC

GCGAAGAAGCCGAGGAGCCCGGAGCCCCGCGTGACGCTCCTCTCTCAGTCCAAAAGCGGCTTT
TGGTTCGGCGCAGAGAGACCCGGGGGTCTTCAGGACAGCGATTGTCATTGCTGAAGCTTTTCCT
CGAAAAGCGCCGCCCTGCCCTTGGCCCCGAGAA

* Protein B expressed in colon cancer :

CAGACAAAGAGCACCGCAGGGCCGATCACGCTGGGGGCGCTGAGGCCGGCCATGGTCATGGA
AGTGGGCACCCTGGACGCTGGAGGCCTGCGGGCGCTGCTGGGGGAGCGAGCGGCGCAATGCC
TGCTGCTGGACTGCCGCTCCTTCTTCGCTTTCAACGCCGGCCACATCGCCGGCTCTGTCAACGT
GCGCTTCAGCACCATCGTGCGGCGCCGGGCCAAGGGCGCCATGGGCCTGGAGCACATCGTGC
CCAACGCCGAGCTCCGCGGTCAGGACAGCGATTGTCATTGCTGA

*  Protein C expressed in colon cancer:

CCGCCTGCTGGCCGGCGCCTACCACGCCGTGGTGTTGCTGGACGAGCGCAGCGCCGCCCTGG
ACGGCGCCAAGCGCGACGGCACCCTGGCCLCTGGLCGGLCGGCGLCGCTCTGCCGCGAGGLCGCG
CGCCGCGCAAGTCTTCTTCCTCAAAGGAGGATACGAAGCGTTTTCGGCTTCCTGCCCGGAGCTC
AGGACAGCGATTGTCATTGCTGATGTGCAGCAAACAGTCGACCCCCATGGGGCTCAGCCTTCCC
CTGAGTACTAGCGTCCCTGACAGCGCGGAATCTGGGTGCAGTT

; MNavemaoTtnpio AuTtikrig Makedoviag



2UyKpLon MpwIeivwy - E€aywyn
OUUTTEPAOHATWY VLo TN Asttoupyia (2/4)

* Protein D expressed in colon cancer:

TAACTGCCTTGATCAACGTCTCAGCCAATTGTCCCAACCATTTTGAGGGTCACTACCAGTACAAG
AGCATCCCTGTGGAGGACAACCACAAGGCAGACATCAGCTCCTGGTTCAACGAGGCCATTGACT
TCATAGACTCCATCAAGAATGCTGGAGGAAGGGTGTTTGTCCACTGCCAGGCAGGCATTTCCCG
GTCAGCCACCATCTGCCTTGCTTACCTTATGAGGACTAATCGAGTCATCAGGACAGCGATTGTCA
TTGCTGAAGCTGGACGAGGCCTTTGAGTTTGTGAAGCAGAGGC

* Protein E expressed in colon cancer:

GAAGCATCATCTCTCCCAACTTCAGCTTCATGGGCCAGCTGCTGCAGTTTGAGTCCCAGGTGCTG
GCTCCGCACTGTTCGGCAGAGGCTGGGAGCCCCGCCATGGCTGTGCTCGACCGAGGCACCTCC
ACCACCACCGTGTTCAACTTATCAGGACAGCGATTGTCATTGCTGACCCCGTCTCCATCCCTGTC
CACTCCACGAACAGTGCGCTGAGCTACCTTCAGAGCCCCATTACGACCTCTCCCAGCTGCTGAA
AGGCCACGGGAGGTGAGGCTCTTCACATCCCATTGGGACTC

*  Protein F with unknown function:

CATGCTCCTTGAGAGGAGAAATGCAATAACTCTGGGAGGGGCTCAGGACAGCGATTGTCATTGC
TGATCGAGAGGGCTGGTCCTTATTTATTTAACTTCACCCGAGTTCCTCTGGGTTTCTAAGCAGTTA
TGGTGATGACTTAGCGTCAAGACATTTGCTGAACTCAGCACATTCGGGACCAATATATAGTGGGT
ACATCAAGTCCATCTGACAAAATGGGGCAGAAGAGAAAGGACTCAGTGTGTGATCCGGTTTCTTT
TTGCTCGCCCCTGTTTTTTGTAGAATCTCTTCATGCTTGACATACCTACCAGTATTATTCCCGACG

ACACATATACATATGAGAATATACCTTATTTATTTTTGTGTAGGTGTCTGCCTTCACAAATGTCATT
GTCTACTCCTAGAAGAACCAAATACCTCAATTTTTGTTTTTGAGTACTGTACTATCCTGTAAATATA
TCTTAAGCAGGTTTGTTTTCA

; MNavemaoTtnpio AuTtikrig Makedoviag



2UyKpLon MpwIeivwy - E€aywyn
OUUTTEPAOHATWY VLo TN Asttoupyia (3/4)

Protein A expressed in colon cancer:

TCGCTGCGAAGGACATTTGGGCTGTGTGTGCGACGCGGGTCGGAGGGGCAGTCGGGGGAACCGCGAAGAAGCC
GAGGAGCCCGGAGCCCCGCGTGACGCTCCTCTCTCAGTCCAAAAGCGGCTTTTGGTTCGGCGCAGAGAGACCCGG
GGGTCTTCAGGACAGCGATTGTCATTGCTGAAGCTTTTCCTCGAAAAGCGCCGCCCTGCCCTTGGCCCCGAGAA

Protein B expressed in colon cancer :

CAGACAAAGAGCACCGCAGGGCCGATCACGCTGGGGGCGCTGAGGCCGGCCATGGTCATGGAAGTGGGCACCCT
GGACGCTGGAGGCCTGCGGGCGCTGCTGGGGGAGCGAGCGGCGCAATGCCTGCTGCTGGACTGCCGCTCCTTCT
TCGCTTTCAACGCCGGCCACATCGCCGGCTCTGTCAACGTGCGCTTCAGCACCATCGTGCGGCGCCGGGCCAAGGG
CGCCATGGGCCTGGAGCACATCGTGCCCAACGCCGAGCTCCGCGGTCAGGACAGCGATTGTCATTGCTGA

Protein C expressed in colon cancer :

CCGCCTGCTGGCCGGCGCCTACCACGCCGTGGTGTTGCTGGACGAGCGCAGCGCCGCCCTGGACGGCGLCCAAGC
GCGACGGCACCCTGGCCCTGGCGGLCCGGLCGLCGLCTCTGCCGCGAGGCGCGCGCCGCGCAAGTCTTCTTCCTCAAAG
GAGGATACGAAGCGTTTTCGGCTTCCTGCCCGGAGCTCAGGACAGCGATTGTCATTGCTGATGTGCAGCAAACAG
TCGACCCCCATGGGGCTCAGCCTTCCCCTGAGTACTAGCGTCCCTGACAGCGCGGAATCTGGGTGCAGTT

; MNavemaoTtnpio AuTtikrig Makedoviag



2UyKpLon MpwIeivwy - E€aywyn
CUUTEPACUATWYV yLa T Aettoupyia (4/4)

Protein D expressed in colon cancer :

TAACTGCCTTGATCAACGTCTCAGCCAATTGTCCCAACCATTTTGAGGGTCACTACCAGTACAAGAGCATCCCTGTGGAGGACAACCAC
AAGGCAGACATCAGCTCCTGGTTCAACGAGGCCATTGACTTCATAGACTCCATCAAGAATGCTGGAGGAAGGGTGTTTGTCCACTGCC
AGGCAGGCATTTCCCGGTCAGCCACCATCTGCCTTGCTTACCTTATGAGGACTAATCGAGTCATCAGGACAGCGATTGTCATTGCTGAA
GCTGGACGAGGCCTTTGAGTTTGTGAAGCAGAGGC

Protein E expressed in colon cancer :

GAAGCATCATCTCTCCCAACTTCAGCTTCATGGGCCAGCTGCTGCAGTTTGAGTCCCAGGTGCTGGCTCCGCACTGTTCGGCAGAGGC
TGGGAGCCCCGCCATGGCTGTGCTCGACCGAGGCACCTCCACCACCACCGTGTTCAACTTATCAGGACAGCGATTGTCATTGCTGACC
CCGTCTCCATCCCTGTCCACTCCACGAACAGTGCGCTGAGCTACCTTCAGAGCCCCATTACGACCTCTCCCAGCTGCTGAAAGGCCACG
GGAGGTGAGGCTCTTCACATCCCATTGGGACTC

Protein F with unknown function:

CATGCTCCTTGAGAGGAGAAATGCAATAACTCTGGGAGGGGCTCAGGACAGCGATTGTCATTGCTGATCGAGAGGGCTGGTCCTTAT
TTATTTAACTTCACCCGAGTTCCTCTGGGTTTCTAAGCAGTTATGGTGATGACTTAGCGTCAAGACATTTGCTGAACTCAGCACATTCGG
GACCAATATATAGTGGGTACATCAAGTCCATCTGACAAAATGGGGCAGAAGAGAAAGGACTCAGTGTGTGATCCGGTTTCTTTTTGCTC
GCCCCTGTTTTTTGTAGAATCTCTTCATGCTTGACATACCTACCAGTATTATTCCCGACGACACATATACATATGAGAATATACCTTATTTATT
TTTGTGTAGGTGTCTGCCTTCACAAATGTCATTGTCTACTCCTAGAAGAACCAAATACCTCAATTTTTGTTTTTGAGTACTGTACTATCCTG
TAAATATATCTTAAGCAGGTTTGTTTTCA

Juunépaopa: MBava kot n npwteivn F mailel poAo otov KapKivo mayl eVtEpou

(?. %) ] ’ ’
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2UYKpLon MpwTeivwy - E€aywyn
OUUTIEPOOUATWY YL AELTOUPYLKO TUN A pwTeivne (1/2)

Protein A with membrane localization:
TCGCTGCGAAGGACATTTGGGCTGTGTGTGCGACGCGGGTCGGAGGGGCAGTCGGGGGAACCGCGAAGAAGCCGAGGAGCCCGGAGCCCCGCGTGACG
CTCCTCTCTCAGTCCAAAAGCGGCTTTTGGTTCGGCGCAGAGAGACCCGGGGGTCTTCAGGACAGCGATTGTCATTGCTGAAGCTTTTCCTCGAAAAGCGCC
GCCCTGCCCTTGGCCCCGAGAACAGACAAAGAGCACCGCAGGGCCGATCACGCTGGGGGCGCTGAGGCCGGCCATGGTCATGGAAGTGGGCACCCTGGAC
GCTGGAGGCCTGCGGGCGCTGCTGGGGGAGCGAGCGGCGCAATGCCTGCTGCTGGACTGCCGCTCCTTCTTCGCTTTCAACGCCGGCCACATCGCCGGCTC
TGTCAACGTGCGCTTCAGCACCATCGTGCGGCGCCGGGCCAAGGGCGCCATGGGCCTGGAGCACATCGTGCCCAACGCCGAGCTCCGCGGTCAGGACAGC
GATTGTCATTGCTGACCGCCTGCTGGCCGGCGCCTACCACGCCGTGGTGTTGCTGGACGAGCGCAGCGCCGCCCTGGACGGCGCCAAGCGCGACGGCACCC
TGGCCCTGGCGGCCGGCGCGCTCTGCCGCGAGGCGCGCGCCGCGCAAGTCTTCTTCCTCAAAGGAGGATACGAAGCGTTTTCGGCTTCCTGCCCGGAGCTC
AGGACAGCGATTGTCATTGCTGATGTGCAGCAAACAGTCGACCCCCATGGGGCTCAGCCTTCCCCTGAGTACTAGCGTCCCTGACAGCGCGGAATCTGGGTG
CAGTTCCTGCAGTACCCCACTCTACGATCAGGGTGGCCCGGTGGAAATCCTGCCCTTTCTGTACCTGGGCAGTGCGTATCACGCTTCCCGCAAGGACATGCTG
GATGCCTTGGGCA

Protein B with membrane localization :
TAACTGCCTTGATCAACGTCTCAGCCAATTGTCCCAACCATTTTGAGGGTCACTACCAGTACAAGAGCATCCCTGTGGAGGACAACCACAAGGCAGACATCA
GCTCCTGGTTCAACGAGGCCATTGACTTCATAGACTCCATCAAGAATGCTGGAGGAAGGGTGTTTGTCCACTGCCAGGCAGGCATTTCCCGGTCAGCCACCA
TCTGCCTTGCTTACCTTATGAGGACTAATCGAGTCATCAGGACAGCGATTGTCATTGCTGAAGCTGGACGAGGCCTTTGAGTTTGTGAAGCAGAGGCGAAGC
ATCATCTCTCCCAACTTCAGCTTCATGGGCCAGCTGCTGCAGTTTGAGTCCCAGGTGCTGGCTCCGCACTGTTCGGCAGAGGCTGGGAGCCCCGCCATGGCT
GTGCTCGACCGAGGCACCTCCACCACCACCGTGTTCAACTTATCAGGACAGCGATTGTCATTGCTGACCCCGTCTCCATCCCTGTCCACTCCACGAACAGTGC
GCTGAGCTACCTTCAGAGCCCCATTACGACCTCTCCCAGCTGCTGAAAGGCCACGGGAGGTGAGGCTCTTCACATCCCATTGGGACTCCATGCTCCTTGAGA
GGAGAAATGCAATAACTCTGGGAGGGGCTCAGGACAGCGATTGTCATTGCTGATCGAGAGGGCTGGTCCTTATTTATTTAACTTCACCCGAGTTCCTCTGGG
TTTCTAAGCAGTTATGGTGATGACTTAGCGTCAAGACATTTGCTGAACTCAGCACATTCGGGACCAATATATAGTGGGTACATCAAGTCCATCTGACAAAATG
GGGCAGAAGAGAAAGGACTCAGTGTGTGATCCGGTTTCTTTTTGCTCGCCCCTGTTTTTTGTAGAATCTCTTCATGCTTGACATACCTACCAGTATTATTCCCG
ACGACACATATACATATGAGAATATACCTTATTTATTTTTGTGTAGGTGTCTGCCTTCACAAATGTCATTGTCTACTCCTAGAAGAACCAAATACCTCAATTTTT
GTTTTTGAGTACTGTACTATCCTGTAAATATATCTTAAGCAGGTTTGTTTTCA

Tuunépaopa: MBava to Kowo THRpa va givat uteUOUVO yLa TN HEUBPAVLKN EVTOTILON TWV MIPWTEIVWYV

(?. %)
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2UyKpLon npwteivwy - E€aywyn
OUUTIEPOOULATWYV YL AELTOUPYLKO TUN MO TpwTEivne (2/2)

Protein A with membrane localization:
TCGCTGCGAAGGACATTTGGGCTGTGTGTGCGACGCGGGTCGGAGGGGCAGTCGGGGGAACCGCGAAGAAGCCGAGGAGCCCGGAGLCLCLCCGLCGTGACLCGCLTCCTC
TCTCAGTCCAAAAGCGGCTTTTGGTTCGGCGCAGAGAGACCCGGGGGTCTTCAGGACAGCGATTGTCATTGCTGAAGCTTTTCCTCGAAAAGCGCCGCCCTGCCCTT
GGCCCCGAGAACAGACAAAGAGCACCGCAGGGCCGATCACGLCTGGGGGCGCTGAGGCCGGCCATGGTCATGGAAGTGGGCACCCTGGACGCTGGAGGCCTGCGG
GCGCTGCTGGGGGAGCGAGCGGCGCAATGCCTGCTGCTGGACTGCCGCTCCTTCTTCGCTTTCAACGCCGGCCACATCGCCGGCTCTGTCAACGTGCGCTTCAGCAC
CATCGTGCGGCGCCGGGCCAAGGGCGCCATGGGCCTGGAGCACATCGTGCCCAACGCCGAGCTCCGCGGTCAGGACAGCGATTGTCATTGCTGACCGCCTGCTGG
CCGGCGCCTACCACGCCGTGGTGTTGCTGGACGAGCGCAGCGCLCGCCCTGGACGGCGCCAAGCGCGACGGCLCACCLCTGGLLCTGGLGGRLLCGGELGLGLTCTGLCGCG
AGGCGCGCGCCGCGCAAGTCTTCTTCCTCAAAGGAGGATACGAAGCGTTTTCGGCTTCCTGCCCGGAGCTCAGGACAGCGATTGTCATTGCTGATGTGCAGCAAAC
AGTCGACCCCCATGGGGCTCAGCCTTCCCCTGAGTACTAGCGTCCCTGACAGCGCGGAATCTGGGTGCAGTTCCTGCAGTACCCCACTCTACGATCAGGGTGGCCCG
GTGGAAATCCTGCCCTTTCTGTACCTGGGCAGTGCGTATCACGCTTCCCGCAAGGACATGCTGGATGCCTTGGGCA

Protein B with membrane localization :

TAACTGCCTTGATCAACGTCTCAGCCAATTGTCCCAACCATTTTGAGGGTCACTACCAGTACAAGAGCATCCCTGTGGAGGACAACCACAAGGCAGACATCAGCTCCT
GGTTCAACGAGGCCATTGACTTCATAGACTCCATCAAGAATGCTGGAGGAAGGGTGTTTGTCCACTGCCAGGCAGGCATTTCCCGGTCAGCCACCATCTGCCTTGCTT
ACCTTATGAGGACTAATCGAGTCATCAGGACAGCGATTGTCATTGCTGAAGCTGGACGAGGCCTTTGAGTTTGTGAAGCAGAGGCGAAGCATCATCTCTCCCAACTT
CAGCTTCATGGGCCAGCTGCTGCAGTTTGAGTCCCAGGTGCTGGCTCCGCACTGTTCGGCAGAGGCTGGGAGCCCCGCCATGGCTGTGCTCGACCGAGGCACCTCC
ACCACCACCGTGTTCAACTTATCAGGACAGCGATTGTCATTGCTGACCCCGTCTCCATCCCTGTCCACTCCACGAACAGTGCGCTGAGCTACCTTCAGAGCCCCATTA
CGACCTCTCCCAGCTGCTGAAAGGCCACGGGAGGTGAGGCTCTTCACATCCCATTGGGACTCCATGCTCCTTGAGAGGAGAAATGCAATAACTCTGGGAGGGGCTC
AGGACAGCGATTGTCATTGCTGATCGAGAGGGCTGGTCCTTATTTATTTAACTTCACCCGAGTTCCTCTGGGTTTCTAAGCAGTTATGGTGATGACTTAGCGTCAAGA
CATTTGCTGAACTCAGCACATTCGGGACCAATATATAGTGGGTACATCAAGTCCATCTGACAAAATGGGGCAGAAGAGAAAGGACTCAGTGTGTGATCCGGTTTCTT
TTTGCTCGCCCCTGTTTTTTGTAGAATCTCTTCATGCTTGACATACCTACCAGTATTATTCCCGACGACACATATACATATGAGAATATACCTTATTTATTTTTGTGTAGG
TGTCTGCCTTCACAAATGTCATTGTCTACTCCTAGAAGAACCAAATACCTCAATTTTTGTTTTTGAGTACTGTACTATCCTGTAAATATATCTTAAGCAGGTTTGTTTTCA

Tupnépacpa: MOava To Kowo TR va givat umelOUVO yLa TN HEUPBPAVIKE EVTOTILON TWV MPWTEIVWV

-
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uotnua Babuovounonc
otolytonc - DNA & RNA

Sequence 1: ATCGGATCT
Sequence 2: ACGGACT MPOXZOXH: Zuykpivoupe voukAeotidia, povo 4 mbaveg Baoelg

AT CGGAT - C T T
|

| | |
A - C - G G - A C

T A C G G A C T
| | I |
T A - C G G A C T
 MBavo cvotnua Babuovopnonc:

— OMOLO KataAoLno: +2

— SlodpopeTIKO KataAouro: -1

— Kevo: -2
« Alignmentl:5x2-1(1)-4(2)=10-1-8=1

 Alignment2:7x2-0(1)-2(2)=14-0-4=10

I MavemoTrApio AuTikng Makedoviag



2Tolylon MPWTEIVWV;;;

M P I
|1
M P |

M P | A S
I ||
M P | A S

> — P
n — v
T v X
T v -
< v X
T v -

* NMwg otowilovpe
NP WTELVEC.

* ApwvoéEa ME TIOPOLOLEC
LoLotTNTEC.

 Apwoéea pE
SLapopeTIKEG LOLOTNTEC.

\ % MavemoTtApio AuTikng Makedoviag




Mivakec BaBupovounonc (scoring
matrices) ] MVOLKEC OVTLKOTAOTAONC

e [l TNV OVTIKATAOTOON QULVOEEWV:
— PAM.
— BLOSUM.
e [wa tnv avtkataotaon voukAsotidiwv (DNA):
— To DNA eilvolt Alyotepo ouvtnNPNUEVO OO TLC TIPWTELVEC.

— Aev glval oITOTEAECUOTLKO VO OUYKPLVOU LLE
KWOLKOTIOLOUOEC TIEPLOXEC, OTTO TLC OTIOLEC TIPOKUTITOUV Ol
npwrteiveg, oe emnimedo vouke oTIOLWV.

3 I MavemoTrApio AuTikng Makedoviag



The log odds form (the
mutation data matrix) of PAM250
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Mivakec avtikataotaonc PAM (Percent
Accepted Mutation - PAM or Dayhoff Matrices)

*  MeAetnOnkav amno tnv Margaret Dayhoff.
e Atloloyouv - BaBpoloyouUv TNV AVILKATAOTOON EVOC OLLVOEEDC ATIO Eval
aAlo.
e AtloloynOnkav:
— 1572 apwvo€lKEC QVTIKATAOTAOELG ATTO,
— 71 MPWTEIVIKA YKPOUTT LIE,
— 85% opolotnta TouAdxLoTov ,
* H kataokeun tou¢ Baoiletal oTLC:
— OTOLYLOELC TTOAAWV OHOLWV MIPWTEIVWV, KPS EEEAEYKTLKAC AITOOTAONC
— amOoOEKTEC ONUELAKEG HETAAAALELC - accepted mutations (avtikatdotaon

QAMLWVOEEDC Ao KATtolo AAAo Ttou Sev emnpealel Tn AsLtoupyia TG
NPWTEivNg).

\/ ; MavemoTrApio AuTikng Makedoviag



Mivakec avtikataotoonc BLOSUM
(BLOcks amino acid SUbstitution Matrices)

e Avamtuxbnkav amo touc Stephen kat Georgia Henikoff, 1992.

* Baoilovtol otnv amaplbunon avilkataotaonS apVoEEWY armo
AAAQ QLULVOEEDL OE CUVTNPNUEVEC TIEPLOXEC AAANAOUXLWV.

— MKPNAC OMOLOTNTOG, KOl
— OUMMOMOAKPUOUEVNG EEEAEYKTLKAC OXEONC.

e Eéetaotnkav navw amno 2000 cuvinpnuevec meploxec (blocks)
TTOU QLVIIKOUV O€ TIEPLOCOTEPEC aTtO 500 OLKOYEVELEC
OUOXETL(OMEVWV TIPWTEIVWV.

* Owneployxec (blocks) dev mepLexouv keva.

I MavemoTrApio AuTikng Makedoviag



BLOSUM MATRICES

2000 a.a.

B : Zuvtnpnuévn meploxn

* OLTtEPLOXEC BpEBNKOV O€ TIPWTEIVIKEC PACELC
S€SOUEVWV KOl AVILITPOOWTTEVOUV TIEPLOCOTEPEC
arto 500 OLKOYEVELEC TPWTEIVWV.

e OLmivakegc BLOSUM Baoilovtal o avaluon
SladopeTikol TUTTOU AAANAOUXLWV KoL
pHeyoAUtepou aplOpol d€6oUEVWVY ATt TOUC
niivakeg PAM.

* Baon d6edopévwv: PROSITE.

* Prosite: Database with protein domains. It
provides list of proteins that are in the same
family because they have a similar biochemical
action. For each family, a pattern of amino acids
that are characteristic of that function is
provided.

% MavemoTnuio AuTikig Makedoviag
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Mivakec avtikataotoonc BLOSUM
(BLOcks SUbstitution Matrices)

« BLOSUMN: To n d&ilyveL To TOOOOTO OLLOLOTNTOC TWV
aAAnAouxLwyv Ttou XpnoLpomoLndnkav yla vo TpokUEL 0

OUYKEKPLUEVOC TILVOKOLC.
e AAM\NAoUYLEC HE opoLOTNTA TOUAAXLOTOV 62% Sivouv Tov

niivaka avtikataotaonc BLOSUMG62.
 BLOSUM pe peyaro n: aAAnAOUXLiEC LE HEYAAN OpOLOTNTAL.
e BLOSUM pe peyaio n -> PAM pe LLKpO n.

e [evika, oL mivakec BLOSUM eivat kaAUTEpPOL yLa TNV EVPEDN

TOTILKWYV OTOLYLOEWV.
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Napadeypa BLOSUMG62

W

11

2

6

1

-1

113 |7

-3

LIVIF|Y|W

-1
-2

-1
-3

1

1

-1
-1

K
=

2|2 [2 |4

-2

3(0 (0|0
2
3

258

-1
-3
-2
-3
-3
-2
-3

-1
-2
-3
-3
-3
-1

-2

1
0

-3
-2
-2
-3

=11F2

-2

-2
-3
-3
-2
-3
-2
-3

1

3
3

3
3
3

1

0

2
3

-3 | -4

3
3
=2

-2
-2

3
-4
-4
3
3
3

2 |-4|-4

-2
-1

A
A
A

2
2
3

-2
-2

2
3
3

2|0

-3

-1

-2
-1

1
1
1

i

-2

2 | -4

-1

-1
-1

-1
2
2

210
-2
-2
-3

C|IS|[T|IP|A|[G|INIDIE[]Q|H|R|K|M

-3

-3
-3

-1
-1
-1
-1
-2
-2
-2

F

H

R

\4
F

Y

W
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Epunvela TIUAG
Tou Ttivoka BLOSUM (1/4)

* Htun kaBe (evyouc apvoéeoc delyvel tnv
riiBavotnta va epdavioTEL N CUYKEKPLUEVN
QVTIKATAOTOON KATA TNV €EEALEN.

e Alvetal arno To Aoyo:
— A = ouyvotnta epdaviong tov {evyous / avopeEVOUEVN
ocuvyvotnta epdaviong touv {evyouc.
— A= qij/eijl
* g: expected, and
* e: observed frequency of appearance.
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Epunveia TLNC
TOoU Ttivakat BLOSUM (2/4)

| A |
| e | .
Pairs | Frequency of Frequency of
appearance, 1%t | appearance, 2"
AA 9 9
AS 9 1
SS 1 1

for each pairi and j, for each column k using:

n;
2
(k) _

" H ” H
— For “unlike” comparisons ¢;;" =n;n;

e Pair frequency c

i

— For “like” comparisons Ci(ik) =

7~ N\
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Epunveia Tiung
Tou Ttivoka BLOSUM (3/4)

CwAL
.
A Pairs | Frequency of Frequency of
st nd
A appearance, 1 appearance, 2 (k) B nl.
e AA 9 9 C;; = )
CwAL
AS 9 1
— ¢ —nn.
CwAL Ss 1 1 ] 1]
I
WAL
91 909-1
CAA:[z = (2 ) _36
Cij A S
(Y-, A 36
S§ - -
2 2 S 9 0

CAS :9‘1:

9
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Epunvela TinNC tou
rilvako BLOSUM - Kawvovikomolnon

. W
WAL
| ¢, | A S
e v
s
WAL S 9 0
WAL
WAL
WAL
WAL
nn—1
T = Zc =w ( )
w: columns
n: sequences

Normalization factor:

10(10-1)
2

T=1 =45

\

)

Observed pair frequency, q;;:

36
=—— =0.8
9 44 45
9
=—=0.2
q 4s 45
§)
—_— —_———_ O
dss 45
Qij A S
A 0.8
S 0.2 0
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Epunveia Tiung
TOoU Ttivakat BLOSUM (4/4)

* Htun kaBe (evyouc apvoéeoc delyvel tnv
riiBavotnta va epdavioTEL N CUYKEKPLUEVN
QVTIKATAOTOON KATA TNV €EEALEN.

e Alvetal arno To Aoyo:
— A = ouyvotnta epdaviong tov {evyous / avopeEVOUEVN
ocuvyvotnta epdaviong touv {evyouc.
— A= qij/eijl
* g: observed, and
* e: expected frequency of appearance.
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Epunveia tTinnc tov mivaka BLOSUM
Expected pair frequency, eij (1/3)

= pP; , for “like” comparisons

€;; = 2pl-pj , for “unlike” comparisons

where, p,: expected probability of occurrence of the ith residue

=q; +Zq”

J#I
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Epunveta Tinng tou mivaka BLOSUM
Expected pair frequency, eij (2/3)

MNa kaBe katdAourto
A

- q 02
AS .
9 4s 0.2
qu 2 2
Pi =4 +27
i W @an »a0s Cevyog
Y 3 e =p;3=09"=081
A 0.5 ess = ps = 0.01
2
S 0 0 eAS :ZpApS 2209012018

Kf,“ ™
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Epunveta tTiung tov mivaka BLOSUM
Expected pair frequency, eij (3/3)

Observed frequency

Qij A S
A 0.8
S 0.2 0

Expected frequency

e =pr=09"=081

eqs = ps =0.01

ey =2p,ps=2-09-0.1=0.18

Entry: S = 2log,(observed/expected)

Entry .
S =2log,

observed ~2-log, 0.8 . 0.03
exp ected 0.81
observed ~2-log, 0.2 03
exp ected 0.18
observed 0

exp ected 0.01

Aev apéxovtal mAnpodopisg yia to {evyog SS

Kf,“ ™
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Napadeypa - Pair frequency cij

Sequence 1 A A I
Sequence 2 S A L
k) | (k) _
Sequence 3 T A L c;; = Cij~ =nn;
Sequence 4 T AV 2
Sequence 5 A A L
Pair frequency c;;, for each pairiand j
Ci A | L S T \'
Pairs | n; | n
A 10+1
AT 2 2
| 0 0
IL 1 3
— L | 0 | 3 3
LL 3 3
S 2 0 0 0
AA 2 2
T 4 0 0 2 1
S v ol 1]3 ]| 0] o0o]lo

C“ ™
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Napadeypa - Normalization

Pair frequency cij, for each pairiand

Sequence 1 A A |
Sequence 2 S A L Cjj A ' L S T v
Sequence 3 T A L A | 10+1
Sequence 4 T AV I 0 0
Sequence 5 A A L L 0 3 3
S 2 0 0 0
n(n—1 T 4 0 0 2 1
I'=2 ¢y :W(T) v, ol 1|3 | 0ol o] o
w: columns @ cij /30 = g,
n:sequences
a; | A [ L S T | Vv
Normalization factor, T: A | 0366
r=320C"D_39 | | o]0
2 L o | 01 | 01
s |0066| O 0 0
T |0133| o0 0 | 0.066 | 0.033
\V; 0 |0033]| 01 0 0 0

G
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Napadeypa - Observed frequency gij

Sequence 1 A A I
Sequence 2 S A L
Sequence 3 T A L
Sequence 4 T A V
Sequence 5 A A L

Observed normalized pair frequency Ciie for each pairi and j

¢, | A | L s T v
A | 0366

| 0 0

L 0 | 01 | 01

S 0066 O 0 0

T |0133| © 0 |0.066 |0.033

v 0 |0033| 01 | 0 0 0

Kf,“ ™
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Napadeypa -
Expected frequency of ij pair, eij

Avopevopevn cuxvotnta epdaviong {eVyoug

€ = 2pipj

p; = qﬁzqy

]?ﬁl

MBavotnta epdaviong ith kataAoinov

q; A | L S T MBavotnta epdaviong ith kataAoinouv
A | 0.366 ps | 0.366+(0.066+0.133)/2=0.466

I 0 0 p, | 0+(0.1+0.033)/2=0.066

L 0 01 | 01 p. | 0.1+(0.1+0.1)/2=0.2

S |0066| 0 0 0 ps | 0+(0.066+0.066)/2=0.066

T (0133 0 0 |0.066 | 0.033 p; | 0.033+(0.133+0.066)/2=0.133

v 0 0033} 01 0 0 py | 0+(0.033+0.1)/2=0.066

Kf,“ ™
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Expected frequency of ij pair, eij

= Pi2 € = 2pipj

=4, +qu’

]il

€,4=P,2=0.4662=0.217

e,=2p, P,=2:0.466-0.066=0.062
ex=2p, P =2:0.466-0.2=0.186
e,=p,%=0.0662=0.217

Expected frequency of ij pair, e;

P, MBavotnta epdaviong ith kataloinouv e A I L S T Vv
p, | 0.366+(0.066+0.133)/2=0.466 A | 0.217

p, | 0+(0.1+0.033)/2=0.066 | 0.062 | 0.004

p. | 0.1+(0.1+0.1)/2=0.2 =) L 0186|0026 | 0.04

Ps 0+(0.066+0.066)/2=0.066 S 0.062 | 0.198 | 0.026 | 0.004

pr | 0.033+(0.133+0.066)/2=0.133 T | 0.124|0.018|0.053 | 0.018 | 0.018

b, | 0+(0.033+0.1)/2=0.066 V | 0.062 | 0.009 | 0.027 | 0.009 | 0.018 | 0.004

G
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Entry in BLOSUM matrix, Sij

Observed normalized pair frequency cij, Entry :
for each pairiand j

A | ) S . S, =2 log, observed

A | 0366 exp ected

! ° ° Sy =2log, —— 0366 =2

L 0 01 | o1 0.217

s |0066| O 0 0 S, = 2log, 2000 0.066

T | 0133 0 0 | 0.066 | 0.033 0. 062

vV 0 |0033| 01 0 0 0 @Finally

Expected frequency of ij pair, e;

e, | A v |t s | T |V S | A V] LS T
A | 0217 A 2

| | 0.062 | 0.004 I ? ?

L |0.186 | 0.026 | 0.04 L ? 4 3

s | 0.062 | 0.198 | 0.026 | 0.004 S 0 ? ? ?

T |0.124 | 0.018 | 0.053 | 0.018 | 0.018 T 0 2 5 4 2
VvV | 0.062 | 0.009 | 0.027 | 0.009 | 0.018 | 0.004 Y 5 4 4 5

Kf,“ ™
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Comparison PAM vs. BLOSUM

 PAM is based on an evolutionary model using
phylogenetic trees (85% similarity).

e BLOSUM assumes no evolutionary model, but rather
conserved “blocks” of proteins.

BLOSUM 45 BLOSUM 62 BLOSUM 90
PAM 250 PAM 160 PAM 100

More Divergent —' Less Drvergont

% MavemoTnuio AuTikig Makedoviag
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[TIVOKEC QVTLKOTAOTOONC -

looduvapia
« PAM100 — + Blosum90
« PAM120 — * Blosuma0
« PAM160 — * Blosum62
« PAM200 - — * Blosumb52
« PAM250 - — + Blosum45

BLOSUM 45 BLOSUM 62 BLOSUM 90
PAM 250 PAM 160 PAM 100

More Diverpent —' Lecs Divergont
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Nucleic acid PAM Scoring Matrices (1/2)

 PAM: Point accepted mutations.

e [ tov DNA PAM1 mtivaka Bswpoupe 0tL To 99% twv aAAnAouxLlwv
ouvtnpeltal evw to 1% petaAAdoostal.

* YmoBetoupe otL kol oL 4 Baoelg, A-C-G-T, petaAAdcoovtal To Eva
oTo AAAo pe tnv WL mbavotnta.

* YmoBetoupe OtL Kol Tt 4 BAoELS Exouv TNV WL cuxvoTnTA

eudavionc.

I A. Model of uniform mutation rates among nucleotides

A G T C
A 0.99
G 0.00333 0.99
T 0.00333 0.00333 0.99
C 0.00333 0.00333 0.00333 0.99

G
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Nucleic acid PAM Scoring Matrices (2/2)

* Oewpolpe OtL eival 3 popéEc o mBavo ol TuPLULOLvEC va
uetaAlaxBouv oe upLudiveg (T->C) kat oL ToUpLveG o€
noupivec (A >G) og oxeon UE TN LETAAAN TWV TIUPLULOWV O€
ToupLlvec Kol To avtiotpodo.

B. Model of threefold higher transitions than transversions

A G T C
A 0.99
G 0.006 0.99
T 0.002 0.002 0.99
C 0.002 0.002 0.006 0.99
: H H
S S Mupipidiveg \N/ H\N/H Hougivee

Guanine
I H (l: Cytosine Adenine | I

H.C C H C A

3 N

Negd \N/ Ne gl N ﬁ\‘c/ 4§N c N

I l | l H—cy lf i H

Vo ~ 2N P /C\ w/ < é”/c i L
H T o H T N |

H H H

4 alwrtouyxeg Baoceig: Qupivn (T), Kutooivn (C), Adevivn (A) kai Nouavivn (G)
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OL Ttolvec yLa ta keva (1/2)

e H ewoaywyn KEVWV €lval amapaitntn €10l WOTE VA EXOUUE TNV
KaAUTEPN oTtolxlon Twv aAAnAoULWV.

e Juoxetlopevn N adwikn rtowvn (affine gap penalty).

* Mo mBavo 1 kevo unkoucg K, mapa K keva pikouc 1.

e Adaipeon MLOC TLUNG YL TNV ELOAYWYH EVOC KEVOU Kall
NPOCOETEC ADALPETELC VLA ETTOUEVEC ETEKTACELC TOU KEVOU.

 To ocvotnua Babpovounonc o MPEMEL val KTILWPEL»

TIEPLOCOTEPO TA KALVOUPYLA KEVAL.
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MNapadeypa - PAM250

C-KHVFCRVCTIT

CKKC-FC-KCYV
* PAM250

* Eicaywyn Kevou: -10

Score 12+5+9+12+12-3-2+4-3x10

19

Score

G
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OL TOVEC yLa ta kKeva (2/2)

e p=-A-B:(n-1):
— omovu A: mowvn Evapénc tou kevou (gap opening penalty).
— B: mowvn emektaonc (gap extension penalty).
— N: UNKOC TOU KEVOU.

* YuvnOwc: A=12 kal B=4, omote p =-12 — 4+(n-1)

* oAU pkpn motvn: Etoaywyn mMoAAWV KEVWV.

* oAU peyaAn moiwvn: Mn elcaywyn KEVWV.

* [levika: H mowvn yla €val KEVO n KataAoilmwy Bo mpemeL va
elvall LLKPOTEPN QIO TN GUVOALKN TTOLVH YLaL N KEVA Tou 1
KataAolmov.
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Typical score matrix

* DNA:

— Match = +1.

— Mismatch = -3.

— Gap penalty = -5.

— Gap extension penalty = -2.
* Protein sequences:

— Blossum62 matrix.

— Gap open penalty = -11.

— Gap extension = -1.
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- Nopadeypa

£C KEVWV

[Towv

-1 -2 +4 -2 -1 +8 = 12

-1

-1

-4

E T b M w T P L T

\Y

L

s
|
s

A

T

L
|
L
~1 +4 +0 +4 +1

R

T

-1 +2

-4 +2 +5

4
1

— o
L
c
= > 2
5 £ 2
- c o
@ a ¥ &
o o T D
o o o o
m ] ] c
o o O o
oA e
P JAL
dMe diLx

LRI
41%...1...1 FET ]
BNy od

N L R T

Substitution
matrix (s;;)

e TYTTT WME
Mupuonang shx
SoNen o g s
i i e - L
EONRATQINOND AHET
Sarronogegann Ase
BuesgnEnagagnsuy upn
UL AL DL LRS- L
BRI OATTIRTYO TRy s

EMOM PRt AE O AR dEY O
i I T A (O

B e amnnonsylic 4o wyE

BEeMMADNHNERNAARN =M HA

Miye
Yy L
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Eéetalovtac tn
ONUOVTLKOTNTA TNC oTtolytong aAAnAouxLwv

* [t aAAnAouyiec mou avAKouv oTnV oL OLKOYEVELA KOl Elvoil
npodavec, KATL TETOLo Hev lval amapaitnto.

* [t aAAnAouyiec ou dev elval Eekaboapo OTL eival TTAPOUOLEC,
QUTO £lval avaykalio.

e Juumépaopa: Elval mpaypatt OMOLEC 1] TO ATOTEAECHA TNC
ouyKplong eivalt tuyaio, 6nAadn to Lo pe TNV MEPLTTWON
mtou ot SUo aAAnAouyiec bev €xouv KapLa oxeon.

e O gA\eyxoc Ba yivel og OAEC TLC OTOLXLOELC £TOL WOTE VAL
ETUAEYTEL EKELVN TTOU E€LVAL OTATLOTLKA N ONLOVTILKOTEPN.
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Gumbel extreme value distribution

Yy | 0.4 e IKomog: No UTtOAOYLOTEL N
rmOavotnta To oKop TNE oToiXLoNC
pnetaL duo Tuxaiwv
aAAnAouxLlwV vo. GTACEL TO OKOP
NG otoiytong U0 OXETIKWY
aAAnAouxlwv. Oco ULKPOTEPN
elval avtn n mBavotnta, Toco
OTOTLOTLKA ONMAVTLKO €lval To
oKOp oTtoixLong Twv 2
TIPOLYLLOTLKWV 0AANAOUXLWV.

The distribution of alignment scores between random sequences follows the extreme value
distribution (A), not the normal distribution (B)

C“ ™
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BaBupoAoynon
otolyltonc aAAnAouyLlwv

e Score: A number used to assess the biological relevance of a finding.

* Inthe context of sequence alignment, a score is a numerical value that describes
the overall quality of an alignment. Higher numbers correspond to higher

similarity.

* The score scale depends on the scoring system used (matrix, gap penalty).

: Identity /
Gap penalit Alignment SoTn Gaps Score
PP y u Similarity P
1 GTC-ATGCTA-GTCGT--~-GG---GTAGCATTTA-CCT-ATG-TGGG-GT 27/50
0 | | = 23/50 $=135
1 ~TCCATGCT-GETCG-CAAGGCAAGTAG- -~ (54.0%)
1 GTC-ATGCTAGTCG-~TGGGTAGCATTTA-GCT~ATG~TGGGGT
" AIPINE 11 ], o 11/44 S=67
5 1 -TCGATGCTGGTCCCAAGGCAAGTAGTTATG-TCATCGCTAG-~~ (59,1%) =
- = mm == =GTCATGCTAGTCGTGGGTAGC
10 1 TCGATGCTGGTCCCAAGGCAAGTAGTTATGTCATCCTAG —mmmm === == 10/67 57/67 S=50
(14.9%)
22 ATTTAGCTATGTGGGGT 38
39 mmmmmcccceeeeaa- 39

1: 27 matches x 5 = 135. No gap penalty

2: 26 matches x 5 = 130, 7 mismatch x (-4) = -28, 7 gaps x (-5) =-35 TOTAL=130-28-35=67

3: 10 matches x5 =50

G
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Converting to Bit-scores

* The bit-score S’ is a normalized score expressed in bits. Lets
you estimate the magnitude of the search space you would
have to look through before you would expect to find a score
as good as or better that this one by chance.

' AS — ln(K) where S: raw score. Parameters A and
S — K depend on the substitution matrix
ln 2 and on the gap penalty

The bit-score is a rescaled version of the raw alighment score
that is independent of the size of the search space
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AELKTEC OTATLOTLKNG
onuovtikotntoc (1/4)

P-value: Probability that an event occurs by chance

e The P-value associated to a score S is the probability

to obtain by chance a score x at least equal to S

Low P-value - significant alingment

P(S'> x) = l—exp{—e_xJz e

C“ ™
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AELKTEC OTOTLOTLKNC
onpowvtkotntoc (2/4)

* E-value: Correlation of the p-value for multiple testing.

* Expected number of sequences that will produce same or
better score by chance.

 The lower the E value, the more significant the score is
* Low E-value - significant alingment.

AvVOLLEVOUEVOC apLOUOC OTOLXIOEWV UE OKOP TOUAQXLOTOV S:
E=K-m-n-e?
— m,n: Mnkoc¢ aAAnAouxLwv
— K, A: ZTATIOTIKEG oTOBEPEC IOV €€apTWVTAL ATTO TO CUOTN A

BaBovopnong Kat tTn cuxvotnta UdAvions TwV KATaAoUmwy.
T..X. yla tov mivaka PAM250, K=0.1 kot A=0.229
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AEIKTEG OTATLOTLKAG
onuavtkotntac (3/4)

e Z-score:

— Measures how much standard deviations above
the mean of the score distribution.
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AELKTEC OTATLOTIKNC
onuavtkotntag (4/4)

Score, E-value and P-value compared

E-value Probability
Score E(S)=Kmne —AS

0.9474356

INCGC O @ E

http://www.incogen.com
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Alignment - Output

Bit-score

Results (output) of BLAST

e

E-value
. \ Similarity (%)
ldent'/ty (%) \\\ Positive score in the substitution matrix Gaps (%)
// ///
/// \ / /’

/
i ?;ggg; = 3e-14) Mefﬁ;d: Compositional matrix adijust.
61/136 (44%), [Positives = 73/136 (53%)|, [Gaps = 18/136 (13%)]

Identities =
Query 184
Sbjct 269
Query 244
sbijct 323
Query 296
Sbjct 381

KPKPKQYPKVILPSNSTRRISPVTAKTSSSAEGVVVASESPVIAPHGSSHSRSLSKRRSS
KP P P+ ILPSN+ +R P S V+ AS+SPVI P+ + RS
KPAPG-LPRFILPSNNPQRQLPPPPSDS = ==~~ VIHASQSPVIKPNYAGKPPGFVSARSV

GALVDDD=======- KRESHKHAEQARRNRLAVALHELASLIPAEWKQOONVSAAPSKATT
L D K+E HK AEQ RRNRL AL EL L+P E K+ + PSKATT
RTLSGGDANTGDEFIKKEVHKVAEQGRRNRLNNALAELNDLLPPELKES-~AQVPSKATT

VEAACRYIRHL--QQN 309
VE AC+YIR L OQON
VELACKYIRQLTGQQON 396

243
322
295
380

»e

=

@,
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MeBobdol cuykpLonc aAAnAouyilwv

1. Omtkol.

Me aAyoplOpouc duvapikol POoYPOUHATIOMOU.

3. Me gupetikolc aAyoplBpouc, mou Bacilovtal oTnV EVvola TwV
«AEEEWVY.

1=

e [Ipémetl va AapPavetat vrmoPn o AOyog ywa TOv Omoio yivetat n otoixion
oAAnAouxLwv.

e Avaloya smAgyetal KoL n pHEBodoc ocuykpLonc.

e QOuootnta TS TA¢NG To 90%: EUKOAN KATOOKEUN TNG OTOLXLONC HE OAOUC TOUC
aAyoplOpouc.

e Opowotnta TG Ta¢Ng Tou 25% ({wvn tou Aukodpwrog, «twilight zone of sequence

alignment»): Oplakn yla acpaln e€aywyr CUUTTEPACUATWV.

; MNavemaoTtnpio AuTtikrig Makedoviag



ALQYPOLLLLLOTOL TTLVALKWV
onuelwyv - Dot plots

* AmoteAoUv pia amo Tic anAovotepec peBodoug
OTITIKOTIOLNONC TNC opoLotTnNTac HeTaéL dUo
aAAnAouxLlwv.

 MeBoboc:

— 2e eva dlodLaotato opBoywvio dtaypappa o Kabe
aéovac avtloTolxel kat o€ pia aAAnAouylia.
* AAAnAouxia 1: ACAGCGCGAGC
e AAAnAouxia 2: ACACGAGG

— 2TO TTAEYLLOL TTOU TIPOKUTITEL:
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Dot plots - MgBoboc (1/3)

2¢ éva S1001d0TATO OpBOYWVIO BIAypapa O KABE dEovag avTioToIXEi Kal o€ pia aAAnAouyia

AICIAIGIC|IGIC|GIA|G|C

QIO OO O>

C“ ™
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Dot plots - MgBoboc (2/3)

Ta TETPAYWVA TTOU AVTIOTOIXOUV O£ TAUTOO MO KATAAOITTA ONHEIWVOVTAl (XPWHO)

AICIAIGIC|IGIC|GIA|G|C

QIO OO O>
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Dot plots - MgBoboc (3/3)

‘Otav o1 aAAnAouyigg gival OHoIEG KATA HKOG HIAG TTEPIOXAG, OXNMATI(ETAI pia diaywvio
YPOMMA HE KATEUOBUVON a1Td TTAVW APIOTEPA KATW Oe&IG

A|ICIA|GIC|IG|IC|IG|A|G|C

QOO0 > 0>
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Dot plots - Mapadewypa (1/2)

AE‘E‘TGWGE‘TE‘ACCTGWGTTA
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Dot plots - Mapadewypa (2/2)

http://myhits.isb-sib.ch/cgi-bin/dotlet
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http://www.vivo.colostate.edu/molkit/dnadot/
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«@0opuBoc» ota dot plots

* 1 amno tic 4 Baoelg €xeL Tnv mBavotnta va
TapladeL tuyala.

* M£Bobdoc PpltAtpapiopatodg: pia epLloxn
oKLlaletol av urepPaivel Kamolov

OUVKEKPLUEVO aplOuo (piAtpo) opolwy
KataAolmwv.
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Meiwon Bopupou ota dot plots (1/3)

AICIAIG|IC|G|IC|G|A|G|C

olo[>lolol>»|o]>

C“ ™
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Meiwon BopuPBou ota dot plots (2/3)

A|ICIAIG|C|G|C|GIA|G|C

ololz>lold > o>

G
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Meiwon Bopupou ota dot plots (3/3)

ATTCI|GGCATTCJA GJA G C G A G A ATTCGGCATTCAGAGCGAGA
Ale ® ® [ ® ® Ale ®
T ®® L N T ® ®
T ee@ ) T ° °
c (® ° ° ° c ° ° °
E o0 e o o ° G ° ° ™ °
Ale ° e o A ™ e o
° ° ™ ° C Y °
Ale ™ e o Ale ° °
T| ee ) T e °
Tl e @ o0 T °
G [ I ) o o ® [ ] G [ ] ®
C ° ° @ C ° °
| e e o0 T
Al e ° e o e o A e o °
G o0 e o o o G o o °
T e e o0 T
G ) e o o o G °
G o0 ] ® o ® G ®
T ee o0 T
Al® ® ® [ ] [ ] [ ] A
Window: 2, Stringency: 1

Window size: Number of nucleotides compared each time
Stringency: The minimum number of nucleotides in the window must be match, so the dot
can be placed

G
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Meiwon BopuBou ota dot plots (Dotlet)
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[MAnpodoplec ano ta dot plots

1. [MeploxEC opolotTnTaC:

— Alaywvioc.
2. NpooOnkec (insertions) / e€aleiPeig (deletions).
3. EmavoaAappoavOopevec mMEPLOXEG:

— OpBec.

— Avtlotpeluec (aviiotpodpn popa).

( I MavemoTiuio AuTtikig Makedoviag



Check out the «mutated» inter-
sequence comparison below:

s EQ@Q UENTCEANATLY

5
E
Q
L
E
N
C
E
P
R
I
M
E
R

Here you can easily seethe effect of a sequence inserhion’ or ‘deletion.” [tis
impossible to tell whether the evolutionary event that caused the discrepancy between
the two sequences was an insertion ora deletion and hence this phenomensa is called
an‘indel.” A jump orshiftinthe registerofthe maindiagonal on a dotplot cleary points

outthe existence ofanindel. {agan zerocone match score function)

7

(,/§ MavemoTiuio AuTikng Makedoviag
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Easy to visualize with dot matrix

Another phenomenon that is very easy to visualize with dot matrix
analysis are duplications or direct repeats. These are shown in the

following example:
B E @ U E N & E A N A L ¥ 8 B P R I M E R

B
E
@
u
E
]
[+
E
B
E
u
E
]
[+
E
]
E
@
u
E
|
[+
E

The ‘duplication’ hereis seen as a distinct column of diagonals; whenever you see either
a row or column of diagonals in a dotplot, you are looking at direct repeats.

Neo e
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Now consider the more complicated

«mutation» in the following comparison:

8 F G U FE N C E A& N A& L ¥ B I B P R | M E R

a
N
a
L
b
)
E
]
E
Q
u
E
N
o
E
8

Agan, nofice the diagonals. However, they have now been displaced off of the center diagonal of
the plot and, in fact, in this example, show the occurrence of a transposition.” Dot mat analysis s
aone of the only sensible ways to locate such transpositions in sequences.  Inverted repeats still
show up as pependicular ines to the diagonals, they are just now not on the center of the plot.
The ‘deletion’ of PRIMER"is shown by the lack of a cormresponding diagonal.

Neo e
S(}g MavemoTrApio AuTikng Makedoviag
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Dot plots - MNapadelypa

Sequence T,

Sequence T,

a)

d)

h)

a) AmoAutn opoLotnta.

b) EmavaAopBavopevec mePLOXEC.

c) OAwn maAwvépounon.

d) Mepikni naAwdpopnon.

e) EnavaAappavopevo cUpBoAo
(apvo€l 1 voukAeotidlo) kot
otic SUo aAAnAouyiec.

f) EmavaAapBavOopevec MEPLOXEC
Kot ot SU0 aAAnAouyis.

g) Awakomnég - Kowvog npayovocg.

h) MNpooBnikn otnv aAAnAovyia 1
N e€aAewn otnv aAAnAovyia 2.
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Size of the search space (1/2)

» Size of the search space ~ query sequence length (n) - the sum
of the lengths of the sequences in the database (m), N=n - m.

* Size of the search space = N - K, where K: Altschul coefficient.

 Example: Calculate the search space for a protein of 235a.a.
length against a protein database of size m=12496420a.a. The
value of K is given equal to 0.13.

e Size of the search space =0.13*235%12,496,420=0.38 billion.

* In this case, a bit score of 30 (which correspond to a space of
230=1 billion) may have occurred by chance alone.
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Converting to Bit - scores

A S—1InK )

B In 2

— S "In2=A4-S5—1InkK

— K =1-S—S5'In2 >E_m-n-e‘“-e
S"In2

SV

AS
_S'

; K — e/’LS—S'IDZ e

E=K-m-n-e™
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Meiwon BopuPBou ota Dot Plots (1/2)

. Dot Matrix @ . Dot Matrix @

Matrix Edit View Matrix Edit  View
HE RS Ay #22EHRS QN
- [Example L] 1 IEXB""F"‘?“Z L] = 'Example L] 1 IExample“Z L]

af =TTy eeye-eyeseyeecyessyeseyescgeceyecryescyessyecsyeseyeeeyeecyecey=coPp=i
op O 0O 4 O F 0 0O 4 0O PF 00 4 60 60 -4 A

Self alignment of ACCTGAGCTCACCTGAGTTA

8 79,
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Meiwon BopuBou ota Dot Plots (2/2)

Raw score (5)
rS—Inlk)

v
Mormalized score (5 or ‘nat score’

Fum‘: ."|rl[!:- km'n'e -

¥ .
Bit score mne ™ na

mn'2 ¥ bt
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Epunvela Tiunc tou
rilvako BLOSUM - Mapadeypa

AA pairs: 8+7+...+2+1=36 possible AA pairs, Fy5
AS pairs: 9 possible AS pairs, fq

H ouyxvotnta epdaviong tou {evyoug AA:
Aan=Ffan / fant+fas = 36/(36+9)=0.8.

H ouxvotnta epdaviong tou {evyoucg AS:
Aas=Fas / fantfas = 9/(36+9)=0.2.

H avapevopevn cuxvotnta to A va Bploketol
o€ (eVYOG: Po=Qat+0,s/2=0.8+0.2/2=0.9.

H avapevouevn cuxvotnta to S va Bploketal
o€ (eVY0G: pPs=0,s/2=0.2/2=0.1.

H avapevopevn ouxvotnta epdaviong tou
(eUyoug AA: e = paX P = 0.9x0.9=0.81.

H avapevopevn ouxvotnta epdaviong tou
(euyouG AS: e, = 2XpaX ps=0.18.

H TR otov nivaka yia to {elyog AA:
€an/0an=0.8/0.81=0.988.

H Tty otov nivaka yia to {evyog AS:
€as/0as=0.18/0.2=1.111.

OL TIHEG peTATPETOVTOL O AoyapiOpouc e
Baon to 2 kat moAAamAaoctalovtal Je To 2.

% MavemoTnuio AuTikig Makedoviag
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Size of the search space (2/2)

* Bit-score S’: A log-scaled version of a score, log,(score)=S’
* Sequence: m

Database of protein sequences: Total length n.

Size of the search space ~ m*n.

Size of the search space =K-:m*n, K:

 Example:

Protein database with sequences of total length: 12496420 a.a.
Sequence: 235 a.a. length

For protein database, K=0.13
Size of the search space:
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Significance of a local alighnment

e Altschul and Gish (1996) have provided estimations of K=0.09
and A=0,229 for PAM250 matrix, for a typical amino acid
distribution and for an alignment score based on using a very
high gap penalty.

S'=AS —In(Kmn) = 0.229-73 —1n(0.09 - 250 - 250)
S§'=16.72—-8.63 = 8.09bits
P(5'>8.55)=¢%% =3.2.10"

 ***Note that the calculated S’ of 8.09 bits in the previous step

is approximately the same as the 9 bits calculated by the
simpler method***
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Relative Entropy

* Indicates power of scoring
scheme to distinguish from
“background noise” (i.e.,
randomness).

 Can use H to compare different
H = LS scoring matrices.
q,
Yy :
* Relative entropy of a random
12 ] alignment should be negative.

* Scores can be related to biology:
— negative=dissimilarity,

— zero=indifference,
positive=similar.
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2 TOTLOTLKN ONUOVTLKOTNT
otolytonc aAAnNAouYLWV XWPLC KEVA

* The raw score of an alignment is determined as the
sum of the log-odds scores and the gap penalties and is
given in the units of log to the base 2 (log,) or bits.

* Bit-score S’: A log-scaled version of a score,
log,(score)=S’ .

* Av petatpeoupe TIG TLLEG o€ log,x Exoupe bits
nAnpodoploc.

e Otav xpnolpomoloUpe bit score system, to katwpAt

TNC OTATLOTIKNAG onRavtkotntoc Sivetal amo thn
oxeon: log,(m-n).
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2 TOTLOTLKN ONUAVTIKOTNTA OTOLXLONC
aAAnAouxlwyv xwplic keva - Mapadsiyupa (1/2)

— 2 sequences, each 250 a.a. long

— Significance cut off: log,(250*250)=16 bit
—FWLEVEGNSMTAPTG
—FWLDVQGDSMTAPAG

Using PAM250 the score is calculated:
— S=9+17+6+3+4+2+5+2+2+6+3+2+6+1+5=73
— S=73

R MavemoTrApio AuTikng Makedoviag



2 TATLOTIKN ONMAVTIKOTNTO OTOoLXLoNG
aAAnAouylwy xwpic keva - Mapadeypa (2/2)

* Sisin 10*log,yX.

 Convert S to a bit score,

l.e. calculate log,x.

1
- 08, X :i
log,10 10
S

— log, x =—1log, 10
g2 10 )

1
:>10g2xz§S

—g=Lg
3

Kf,“ ™
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2TATLOTLIKN ONUOVTILKOTNTOL OTOLXLONC
aAAnAouxlwyv xwplc keva - Mapadeypa

e Significance cut-offs

(log,(m-n)) = 16 bits.

 To S’ eivan 9 bits peyaAutepo

arto TO KATwWdAL TNG

S'= l S = l 73 =24.333pits OTATLOTLKAG ONUAVTLKOTNTAG,
3

ETIOUEVWC N oTolyLon oTo
OUYKEKPLUEVO CNUELO TWV
aAANAOUXLWV ELVOL OTATLOTIKA

ONMOVTLKA.
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Meiwon BopuPou ota dot plots (1/2)

AGAGACTC
AGAGTGTG

Window: 5, Stringency: 3

L J

4 matches 0 match 4 matches

Window size: Number of nucleotides compared each time
Stringency: The minimum number of nucleotides in the window must be match, so the dot
can be placed

20

Neo e
MavemoTiuio AuTtikig Makedoviag
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Meiwon BopuPou ota dot plots (2/2)

A G A

C T C

A

—
—

G G
0 match 0 match
A G A G A C T C

A
G

Final answer—» 4 ol |
G . ™
T .
G
T
G

A T C

A

3 matches

Window: 5, Stringency: 3

Neo e
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Teloc Evotntac

©OS0C)| Bl B=—

Evpwnaikr Evwon EIAIKH YNHPEZLIA A
€ T Mz ovyypnpatoddmmon e EAGSac kai the Evpunaikng Evweong
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2NUElwpa Avagpopag

e Copyright Mavemnotuo Avtikng Makebdoviag,
Tunua Mnxovikwyv NMAnpodopLknc Ko
TnAerukowvwviwy, AyyeAidnc MavteAnc.
«BlommAnpodopikn». Ekdoon: 1.0. Kolavn
2015. AwaBeoipo amo tn diktvakn dtevBuvon:
https: //eclass.uowm.gr/courses/ICTE102/
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>NUelwpa Adelodotnonc

To mopov VALKO StatiBetal pe toug 0poug tneg adelag xpnong Creative Commons

Avadopad, OxL Mapaywya Epya Mn Epmopiki Xprion 4.0 [1] | petayeveotepn, AteBvig

‘Exboon. E€atpouvtal Ta autoteAn £pya Tpitwy 1.X. pwtoypadieg, dStaypappata

K.A.Tt., TOL OTIOLOL EUTIEPLEXOVTOL OE QLUTO KoL Ta oTtoia avadEpovtal pall pe Toug

OpPOUC XPong Toug oto «Xnueiwpa Xpnong Epywv Tpitwv».

[1] h t t p ://creativecommons.org/licenses/by-nc-nd/4.0/

Qc Mn Epmoplkn opiletol n xpAon:

* 110U Oev mep\ABAVEL AUECO 1) EUECO OLKOVOULKO OPEAOC atd TNV XPrioN Tou
£pYyou yLa To SlavopEa Tou €pyou Kal adelodoyo

e 10U 6ev mepLAaPAVEL OLKOVOLLLKT) ouvaAAayn w¢ poUnoBeon yla tn xpnon n
npocfBaocn oto £pyo

* 10U 6ev mpooTopilel 0To SLAVOUEN TOU £PYOU Kal adeL0dOX0 ELUECO OLKOVOULKO
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Alatnpnon ZNUELWHATWVY

Onoladnmote avamapoywyn n OLaoKeEU ToU
UALKOU Ba mpemeL val cupmeplAapPavet:
— TO 2nuelwpa Avadopac
— T0 2nuelwpa Adelodotnonc
— tn dNAwon Alatpnong ZNUELWHATWY
— T0 2nuelwpa Xpnonc Epywv Tpitwv (epocov
UTTALPXEL)

nall Le TOUC CUVOOEVOUEVOUC
UTLEPOUVOECHOUC.
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>NUelwpa Xpnonc Epywv Tpltwv

To Epyo auto kavel xpnon tTwv atkoAouBwv
EPYWV:

ElkOvec:

http: //blog.com.mk/send/121903

http: //foter.com/Cmyk/

http: //www.ebi.ac.uk/training/online/course/introduction-protein-

classification-ebi/what-are-protein-signatures/signature-types/what-ar-0

http: //contentinacottage.blogspot.ca/2012 01 29 archive.html

https: //www.cartoonstock.com/

G
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