2 UVKpIon 2 aKoAouBIwv

2TIypoTTivakeg (Dotplots)
2Toix1on akoAouBiwv Karta deuyn
(Pairwise alignment)

Avalntnon ouoAoywv akoAouBiwyv

[ pnyoploc Apoutdiac
KaBnynTr¢ BIOTTANPO®YOPIKAGC UE EUpacT OTN
MikpoloAoyia
Tunua Bloxnueiag kai BiotexvoAoyiag 1.0.



Ta €idn & o1 akoAouBiec Twv
YOVIOIWHATWY TOUC
eceNicoovTal
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No function

New function

Ancestral function

ene duplication

l Gene duplication

l Sequence evolution

——

Nonfunctionalization Specialization

Conservation

DeGiorgio and Assis, 2
msaa267.

Subfunctionalization

Neofunctionalization

021. Mol Biol Evol. Mar 9;38(3):1209-1224. doi: 10.1093/molbev/



Aiyn €€ENICN: opoAoyia

OpoAoya yovidia: KoIVOG £CEAIKTIKOG TTPOYOVOG. XIUAIPIKES
TTPWTEIVEC;

Opb6oAoya yovidia: TTpoEpxovTal atro e1doyevearn. OuolaoTIKA,
Eva yovidlo a (MeTaAAayuEVo) o€ DUO DIaPOPETIKOUC
OPYQVIOUOUG. 2UxVa £Xouv TnyV idla Asitoupyia

[MapaAoya yovidia: TTpoEpXovTal atrd yoviOIakO JITTAACIACUO.
AvriKouv aTnV idla OIKOYEVEIQ

—EvoAoya yovidia: atro opIifovTia HETAPOPA

[Mapadelypa pe MNupnvikoug uTTodOXEIC



Niyn ecEAicn: opyoAoyia (1)

| . ]

H. sapiens R. norvegicus M. musculus

['ovidia Tou idIoU XPWHATOC ATTO
OIA@OPETIKOUG OpyaVvIOWOUG gival
opBoAoya.

* To KOKKIVO KalI TO KiTpIVO aT1TO £va
opyaviouo gival TTapdAoya.

* To KOKKIVO aTTO £€va Opyaviouo Kal TO
KiTpIvo a1T1d £va AAAO opyaviouo gival
ECTPA-TTAPAAoya

. Divergence
Bl e Duplication

[ common ancestor




BaoikOTepa €idn PHETAANALEWYV

* MeTaAAaceig onueiou (point mutations)
— 2ZUVWVUUEG (Synonymous)
— Mn-ouvwVvupPEG (NON-Ssynonymous)
* AUIVOCEQ PE TTAPOPOIEC PUOIKOXNMIKES I0IOTNTEC

e APIVOCEQ HE DIAPOPETIKEG PUOIKOXNMIKES I01I0TNTEC

— Kwdikovia TepuaTioyou



METATTTWOEIC-PETACTPOPEC

* Meramrrwozeig (Transitions) 1
i H‘\ " _ N\Adenine /N == \C B C/H
— AnuioupyouvTal Je od & PR
L4 L4 & \ / ytosine
peyaAUTepn ouxvotnTa B e &

— 2UvNBOwc¢ odnyouv o€ )
OUVWVUMEC METOMGEEIC A

V4 4 /
— Eival 1T1o OUXVEC OTO ng R P Taewanons @ P
| C Thymine
SNPS ’/'ig\“c/ \NfH H*N/ \\Cin
< \ / \ N1/
G lar



KaTtnyoplotroinon auIivogEwY

tiny SMALL

Aromatic

HYDROPHOBIC



BaoikOTepa €idn PHETAANALEWYV

* AouIKEG AvadlaTacelg

— [NpooBnkec/amraAciyelg (insertions/deletions)
— AvaoTpo@PEg

— AriTrAaciaopoi



BaoikOTepa €idn JETAANALEWV

()

* Avadldatagn auTOVoUWV AEITOUPYIKWY TTEPIOXWV MIAC TTPWTEIVNG
(domain rearrangements)

Domain duplication

L1

. = :
- s b

Domain deletion :-:l:g:_ )

Domain swapping

Domain insertion ———{D—| |




OAec o1 TTEpIOXEC pIag TTPWTEIVNG OEV
LETOAAGOOVTAI YE TOV i0I0 PUBUO

AUTOVONEC AEITOUPYIKEC TTEPIOXEC (domains): ouvhBwC¢ gival
TTOAU OUVTNPNMEVEC

[Meplox€c evdoyevoug douikng aoTtadelac (intrinsically disordered
regions). I'.x, eUEAIKTEC OUVOETIKEC TTEPIOXEC (flexible linkers).

— MeTaBaAAAOUEVO UNKOG KAl TTEPIEKTIKOTNTA AUIVOZEWY, ME
TTAPOUOIEC OUWG PUOIKOXNMIKES 1I010TNTEC.

— MeTaAAaoovTal ypriyopd. To eCEAIKTIKO Orjua UTTOPEI va XaOEi
ouvTouad

— 2UXVQ OEV UTTAPXEI TTEPIOPICHOG BEONG (TT.X PO POPUAIWaCN)



['AofiveC

* TTOAU ouvTnpnuévn TPITOTAYNG OOMN, Aiyo ouvTnpnMévn
mTpwtoTtayng doun (~10-20% ouolotnTa)



2. TIYUOTTivakec (dotplots)



ZTIYHOTTiIVOKEG

2. TIyJoTTivakec (dotplots)

« Eionxbnoav amod toug Gibbs & Mclintyre 1o 1970.

e XpNOIYOoTToIoUVTal VIO OUYKPION 2 aKoAouBIwV (TT.X.
MpwTeivwy 1 DNA) xwpic va xpeidletal va aToixiBouv TTpwrTa.

* AmokaAuTTTOUV

— [1pooBNKec - ATTOAEIYPEIC

— EuBciec | aveoTpaupéveg eTTavarnWelg (Tr.X XPNoIKo yia

RNA)
— [leplox€c XapunNANG TTOAUTTAOKOTNTOC
— AvaoTpo@Eg

Aidpopa mTpoypdupata (11.X Dotlet)

e 2¢ €va PaBuo, EICEPXETAI N UTTOKEIMEVIKOTNTA OTNV EPUNVEIa
TWV ATTOTEAEOUATWV.
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2. TIYMOTTIVAKEC
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> TIVMOTTIVOKEC - @OpUBOC
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ZTIYHOTTiIVOKEG

2. TIYUOTTIVAKEG -
ATTaAoipr ©@opuPou pe ocupopeva TTapabupa
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ZTIYHOTTiIVOKEG

2 TIYUOTTIVAOKEC

“»
-
“»

t" print : ) |  input  | AP]. ! : J AP]. ! : ) |dentlty !

harizontal: AP1
wertical: AP1

matrix: ldentity
sliding window: 1
zoom: 1:1

score range: Oto 1
gray scale: 78% - 23%

() < »

AP1 (331

AP1 (331



ZTIYHOTTiIVOKEG

2. TIYMOTTIVOKEC

ATtraloipn

eOpl?BOU bE Corint)) Cinput) (AP1 B 2] [identity ) (7 )
oupopeva 11 13) ( compute

mapadupa e @D

O Mount mrpoteiver: Sicing wincow 7

— [1a DNA: gcrg{fesgg?eqe?gsﬁ?zz%

TTap&Bupo 15
XOPAKTAPWY HUE
TouAaxiotov 10
QVTIOTOIXIOEIC
— TN Tpwreivec:
mTapdBupo 2-3 ¥
XOPAKTAPWY MUE
TOUAQXIOTOV 2 (7
avTigToixioslgc O T

(&) < »

AP1 |4

ITAKMETTE YDDALNASFLE SESGPYGY SNPK ILKOSHMTLNLADPYVGSL
ITTAKMETTE YDDALNASFLP SESGPYGYSNPKILKQSITTLNLADPYGSL

AP1 |4
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2. TIYMOTTIVAKEC
Insertion - deletions

Seqt M A C D E F G H || K L N P Q & § T V W Y

Seg2 M A C D E F G = = — — N P Q A& S T V W Y

G H | K L NP QR S T ¥V W Y s
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2. TIYMOTTIVOKEC

Insertions/deletions (indels)

print=) Einput) AP 4] [APl-deletion 3] Identity M7

el T‘ compute

C\) &3 horizontal: AP1
~ ¢ — — N )<L vertical: AP1-deletion
M matrix: [dentity
sliding window: 7
zoom: 1:1
score range: Oto 7
gray scale: 78% - 33%
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AP1 |4

AKMETTE YDDALNASFLPSESGPYGY SNPK ILKOSIHTLNLADPVGSL
AKIETTEF YDDALNASFLP SESGPYGYSNPKILKOSHTLNLADPYGSL

AP1-deletion |4
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2. TIYMOTTIVOKEC - AVOOTPOPEC
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2. TIYMOTTIVOKEC

EtTravaAqyeig

Seqt M A C D E F| G H | K -[.\‘. A C D E F|l V W Y
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Seq2 M A C D E F &€ o | K L M A C D VoW Y
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ZTIYHOTTiIVOKEG

2 TIYUOTTIVAKEC

« ETmravaAnyeig

( print ) ( input ) APl-repeat T] AP1l-repeat ﬂ

1:1 T] compute
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2. TIYMOTTIVAKEC
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ZTIYHOTTiIVOKEG

2. TIVMOTTIVOKEC
EtTravaAnyelg - INepioxec xapnAng TTOAUTTAOKOTNTOC

print ) ( input ) APl-lowcomp... 4] "APl-lowco... &) identity 23 (15 2l
11 %) ( compute )
‘ T ' ‘ 7 ' horizontal: AP1-lowcomplexity
Sl > I vertical: AP 1-lowcomplexity
~ matrix: Identity
sliding window: 15
zoom: 1:1
score range: O to 15
gray scale: 52% - 35%
&) <
-/
< e
&) <
AP1-lowcomplexity |204
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AP1-lowcomplexity | 205



ZTIYHOTTiIVOKEG

2. TIYMOTTIVOKEC
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2. TIYMOTTIVOKEC

* AVEOTPOAUMEVEG ETTAVAANYEIC




Dotplot: [ooco o1aBepn gival N apXITEKTOVIKI)

A) Suifolobus solfataricus vs. S. tokodaii

, ZTIypoTTivaKeg

EVOC YOVIOIWUATOC;

B) Chlamydia muridarum vs. C. pneumoniae
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FIGURE 10.6 Gene position plots showing examples of both plasticity and stability in gene order
berween closely related species of prokaryotes. In these plots, the location of a given gene, measured
as its distance from a given starting point in kilobases (kb), is plotted on one axis each for the two
species being compared. Unless otherwise indicated, the origin of the axes represents the origin of
replication in the chromosomes. (A) The archaeons Sulfolobus solfataricus and S. tokodaii, whose
genomes share very little common gene order and are clearly extremely dynamic. (B) The bacteria
Chlamydia muridarum and C. pneumoniae, which exhibit a clear “X-alignment,” indicating a single,
large, symmetrical inversion around the origin of replication (see also Eisen et al, 2000; Hughes,
2000). (C) The bacteria Salmonella typhi and S. typhimurium, which show evidence of two smaller sym-
metrical inversions, one around the origin of replication and one around the replication terminus. (D)
Two strains (or possibly species) of the endosymbiotic bacterium Buchnera aphidicola living in
distantly related aphid hosts (Ap = Acyrthosiphon pisum; Sg = Schizaphis graminum). In this case, there
has been remarkable stasis in gene order for 50-70 million years, despite considerable sequence
divergence (see Tamas et al., 2002). Based on a figure presented by Mira et al. (2002), reproduced by
permission (© Elsevier Inc.).

Edw, avTi va ouykpivovTal
VOUKAEOTIOIO ) apIVOEEQ,
ouyKpivovTal oAdKAnpa yovidia/
TTPWTEIVEC.

Dotplot yia opB6Aoya yovidia
METAEU OUO TTPOKAPUWTWYV TOU
idlou gidouc.

KaBe koukida oto Dotplot cival
n B6€on Tou opBGAoyou yovidiou
o€ OUO OIaPOPETIKA
yovidlwuara.

Katroiol opyaviouoi £xouv
oTa0EPn YOVIOIWMATIKN
APXITEKTOVIKN KOl KATTOI01 GAAOI

Oxl.



ZTIYUOTTIVOKEG

V 4

Dotplot: 1600 otaBepn gival N apXITEKTOVIKA
EVOC YOVIOIWUATOC;

sequenced genome
sequenced genome
sequenced genome

reference genome reference genome reference genome

http://itbe.hanyang.ac.kr/ak/MSV/



ZTIYHOTTiIVOKEG

["ovIdIwpaTIKO Dotplot:
OUVTAIVIKOTNTO KAl CUYYPOMIKOTNTA;

2uvTavikotnTa (synteny): Otav petall dUo yovIOIwPATWwY Ta 0pBdAoya TTapapévouv oTh idla yeITovia (TT.X.
id10 xpwudowua). Agv gival amrapaiTnTo va TTapapévouv Pe Tnv idia oeipd.
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2uyypauikéTnTa (collinearity): Otav peTagl duo yovIOIwPATwyY Ta opBdAoya TTapapévouv oTn idla yeITovia
ME TNV idla oeIpa.
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https://www.differencebetween.com/difference-between-synteny-and-collinearity/



2.TOIXION aOKOAOUBIWY
Kata {euyn
(Pairwise alignment)



Z1oixion Kard {euyn

2.ToiXIon Kata Ceuyn: T1 €ival

AVTIOTOIXION TWV VOUKAEOTIDIWV/AUIVOCEWY DUO OKOAOUBIWVY,
WOTE VA EVTOTTIOTOUV Ol OHOIOTNTEG KAl Ol DIAPOPES TOUG.

XpnoliyoTrolgital yia:
— EVTOTOouO HETOANAEEWY
— avadlntnon ogoAoywyv YovIdiwv/TTpwTEIVWYV 0€ BACEIC
OEOOUEVWV.
— 2UVAPMOAQYION YEVWUATWV.
— 'EAegyxoc ece1dikeuong ekkivnTwy (primers) yia PCR.

[Mpoooxn!!!! 2Toug OTIYUOTTIVOKEC Ol aKOAOUBIEC auyKpivovTal
XQPIZ2 va rpayuartotroinBei otoixion.



Query
Sbict
Query
Sbijct
Query

Sbijct

Z1oixion Kard {euyn

2.ToiXIon Kata Ceuyn: T1 €ival

TotroBetouvtal ot ANTIZTOIXOI  aAAiwwg OMOAOT Ol
XOPOKTPES O £VAC KATW OTTO TOV AAAO KAl UTTOPEI va YiVEl
Xprjon kevwyv (gaps)
AUO XOPpAKTAPEG UTTOPEI Va gival:

— 10101

— [Mapopolol (KOIVEC PUOIKOXNMIKES I1ID10TNTEC, TT1.X. |[OOAEUKiVN -
BaAivn)
— AIOQOPETIKOI

1 MKTPVSAAANLSIQONAGSSCATAIQIIPKTEPVCEEGPMSLDFQSPNLNTSTPNPNKRPG 60
MEKTPVSAAANLS NAGSSCA AIQI+PKTEPVCEECPMSLDFQSPNL+TSTPNPNKRPC
1 MKTPVSAAANLSNPNAGSSCGAAAIQIVPKTEPVCGEEGPMSLDFQSPNLSTSTPNPNKRPG 60

61 SLDLNSKSAKNKRIFAPLVINSPDLSSKTVNTPDLEKILLSNNLMQTPQPGKVFPTKAGP 120
SLDLNSK ARKNKRIFAPLVINSPDL +KTVNTPDLEKILLSNNL+QTPQPCKVFPTKACP
61 SLDLNSKGAKNKRIFAPLVINSPDLOAKTVNTPDLEKILLSNNLIQTPQPGKVFPTKAGP 120

121 VTVEQLDFGRGFEEALHNLHTNSQAFPSANSAANSAANNTTAAAMTAVNNGISGGTFTYT 180
VIVEQ DFCGRCFEEAL NLHTNSQAFP A NS ANNTT AMTAVNNCGISGCTETY
121 VTVEQEDFGRGFEEALKNLHTNSQAFP===~AVNSTANNTTGTAMTAVNNGISGGTFTY~ 175



Z1oixion Kard {euyn

2.ToiXIon Kata Ceuyn: T1 €ival

* [1a duo akoAouBieg pe 95% opoidTNTA, N OTOIXION UTTOPEI Va
YiVEl KAl JE TO UATI.

 Ta diaBeaipya Tpoypapuara ayyifouv Ta 6pia TwV dUVATOTATWY
TOUG OTav ol akoAouBieg €xouv 18-25% opoiotnta ({wvn Tou
AUKOPWTOCQ)



Z1oixion Kard {euyn

Eidn oTtoixion¢ kara euyn (1)

« OAkn oToixion (global alignment)

— [NpooTtraBei va aToixioel 600 10 dUVATO TTEPICCOTEPOUC
xapaktipeg o€ OAO 10 uRKOC Twv dUO aAAnAouXiwv

— ['1a akoAouBie¢ TTou dev €Xouv ATTOKAEIVEI O€ PeyYAAo Babuod
Kal ETTIONG £XOUV TTapOuoIo NEYEBOC

— KAaooik uébodocg: Needleman-Wunsch.
* Baoiletal aTov OUVANIKO TTPOYPANMUATIONO



Z1oixion Kard {euyn

Eidn oTtoixionc kara euyn (i)

« Tomkn otoixion (local alignment)
— Nnoideg oToixIoNnG.
— ['1a akoAouBieC TTou €X0UV ATTOKAEIVEI APKETA KAl £XOUV
QTTOMEIVEI OUVTNPNMEVEC NOVO KATTOIEC TTEPIOXEC (domains)

— [a avriotoixion MRNA pe yevwuikd DNA

— KAaooikEG pEBodol:
« Smith-Waterman (duvapIKOC TTPOYPANUATIOHOG)
» Blast (eupeTikEéc nEBODOI-heuristics)



Z1oixion Kard {euyn

Eidn oToixionc kata {euyn

2 Toixion aAAnAeTTIKAAUWNG (overlap r} ends-free alignment) yia
ouvapuoAdynaon YoVIOIWHATOC ATTO MIKPA OAAANAETTIKOAUTITOUEVA
KoupaTia DNA



Eidn otoixion¢ karda deuyn (in)

Global FTFTALILLAVAV

Local

F——TAL-LLA-AV

FTETALILL-AVAV
-——FTAL-LLAAV—-—

Katd {elyn



2. TIYMOTTIVAKEC

AV OUYKPIVOUNE 2 TTPWTEIVES TTOU £XOUV ATTOKAIVEI APKETA, avTi va
eAEYEOUE VIA OKPIBEC TAIPIAOUA TWV APIVOZEWY, UTTOPOUNE va
EAEYEOUE VIO TAIPIAOUA AMIVOZEWY HUE TTOPOUOIEC PUOIKOXNMIKES
1I010TNTEG.

XpnoidoTtrolouue TTivakeg avTikatdotaong (1r.Xx. PAM, Blosum)

[la To cupouevo TTapABupo uTToAoYiIleTal Eva OKOP UE BACN TOUG
XPNOIUOTTOIOUPEVOUG TTIVAKEG AVTIKATACTAONG.

tiny SMALL

Aromatic

HYDROPHOBIC



Z1oixion Kard {euyn

AUVAUIKOC TTPOYPANMATIOUOC

* Aivel Tnv BEATIOTN oToiXIon (MaBnuaTiKa atrodedEIYUEVO).

* Kal yia OAIKEG Kl YIa TOTTIKEG OTOIXIOEIG.

* H oToixion ecaptartal atrd 10 FaBuoAoyiké cUOTNUA TTOU
epapuoleTal.



Z1oixion Kard {euyn

AUVAUIKOC TTPOYPANMATIOUOC

 To BaBuoAoyIKO cuoTNUA TTPETTEL:

Na divel BaBuoucg yia KaBe BEon TToU O1 XOPAKTAPEC
Taipialouv atroAUTa

Na divel Babuoucg (AydTEpOUG) yia KGBe BEon TTOU O!
XOAPOKTNPEC EXOUV TTAPOMOIEC I01I0TNTEC

Na pnv divel BaBpouc yia pia B€on TToU 01 XOPAKTAPEC Eival
TEAEIWG DIAPOPETIKOI

Na Bdadel TToivn yia KA KEVO TTOU EI0AYETAI
Na Badel TToivn (MIKPOTEPN) YIa KABE KEVO TTOU ETTEKTEIVETAN



Z1oixion Kard {euyn

AUVAUIKOC TTPOYPANMATIOUOC

To BaBuoAoyikod cuoTnua

sequence 1 V D § - C ¥

sequence 2 V E S L C Y

SCORE 4 2 4 -11 9 7 SCORE = SUM OF AMINO ACID PAIR SCORES
(26) MINUS SINGLE GAP PENALTY (11) = 15

Figure 3.7. Example of scoring a sequence alignment with a gap penalty. The individual alignment scores are taken from an
amino acid substitution matrix.



Z1oixion Kard {euyn

A.l'l. OAIkN oToixion TTapadelyua (i)

i 3T

5G

6 T

=

Scoring-System

match=1
mismatch=0

gap=-1

LYVNAQTLOT) KEVO

traceback \ ip (-1)

KEVO \l/ \

gap (-1) match (+1)

mismatch (0)




Z1oixion Kard {euyn

A.l'1. OAik\ aToixion TTapadeiyua (ii)

i 3T

5 G

6 T

J

Fxkivnaon Ton TTivaka

=

> .3 -

Scoring-System

match=1

mismatch=0

gap=-1
LYVNAQTLOY| KEVO
traceback \ gap (-1)

—>
KEVO \
gap (-1) \l/ match (+1)
mismatch (0)




A.l'l. OAIKA oToixion TTapadelyua (i)
2UUTTANpWON TTivaka
S1,1= MAX [ 0+1, -1-1, -1-1] = 1
j —>

0 1 2 3 4 5
— C A T G T
0—| O 1< 2< -3 44 -5
{ . Scoring-System
11T+ match=1
t mismatch=0
2 G| -2 gap=-1
A
3T '2 LYVNAQTLON KEVO
gap (-1)
\l, 47| 4 traceback\ -
4
KEVO
5G| - N\
> gap (-1) \l/ match (+1)
f mismatch (0)
6 T | 6




A.TI.
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OAIKN oToixion TTapAdEIyua (iv)

IXVNAGTNON

j—=

o
> O
a4

I

L

N

A

- -3 <« -4« -5

<—
N
—'
D 4> b 5w P 4> 4
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A.l'1. OAIKN oToixion TTapadelyua (v)

OUMNTTARPWON
S12=MAX[-1+0, 1-1, -2-1] =0 S12=MAX[-1+0, 1-1, -2-1] =0
j— j—>
o 1 2 3 4 5 o 1 2 3 4 5
— C A T G T — C A T G T
O —| O« 1<t -2« -3« -4 -5 0 —| O& 1< 2< -3« -4 -5
P NV bx
1 C| -1 1+ 0 1 C| -1 1< 0
@ I A A
w 1
2G| -2+0 2G| 2|0
4 —4
i 3T -3 i 3T| -3
4 —4
\l/ 4 T | 4 \|/ 4 T | 4
4 A
5G| -5 5G| -5
4 —4
6 T| g 6 T| .6

S2.1= MAX [-1+0, -2-1, 1-1]= 0 S2.1= MAX [-1+0, -2-1, 1-1]= 0
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A.l'l. OAIKN oToixion TTapadelyua (Vi)

0 —| O« 1< -2<F -3« -4« -5
rx
1 C | -1 1 < 01—-1 < -2 < -3
(R X,
2 G| -2 0 1< 0 0 < -1
A
i 3T | -3 | -1 0 2 < 1 1
S
\l/ 4 T| 4 | 2| -1 1 2 | 2
bt x bt
5G| 5| -3]|-2 0 2 2
Pl AN AN L4
6 T| | 4 |-3 | -1 1 3
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OAIKN aToixion: IxvnAQTion

— C A T G T Delele2e]<2<3

C A T — G T|=
| | |
C G T T G Tl

Oelele0ele2<3

C A — T G T|=
| I

C G T T G T sew

0«1« 0<0<l<2<3

C — A T G Tl
| 1
C G T T G T|sa

[MpéTTel va Bpoupe OAEG TIC DUVATEC TTOPEIEC ATTO KATW-OEEIA -> TTAVW-APIOTEPA.
Edw: 3 mbavég mropeieg = 3 e€ioou KAAEG AUOEIG



[Tw¢ oToixiCoupe

['la kGBe B€on:

* Av kivnBouue diaywvia, TOTe oTOIXiCOUME TA 2 VOUKAEgOTIOIO/
QMIVOZEQ TTOU AVTIOTOIXOUV Yia ekeivn TNV B€on (gite Taipiadlouv
EiTE OXI).

* Av KivnOouue opilovTia ] kaBeta Baloupe KeEvO oTnV akoAouBia
TToU O¢gixvel To BEAOC



[Tw¢ oToIXICOUUE

T Seql

T Seq2



[Tw¢ oToIXICOUUE




[Tw¢ oToixiCoupe




[Tw¢ oToIXICOUUE




[Tw¢ oToixiCoupe




[Tw¢ oToixiCoupe

A T G T Seq1

O<1
C A T — G T Seql
| | | |
C G T T G T seq2
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AUVAUIKOC TTPOYPANMATIOUOC
TOTTIKI OTOIXION

« Evdeikvural yia
— MAKPOMOPIa OIOPOPETIKOU HEYEBOUGC
— 2UVTNPENMEVN MOVO HIO PIKPN TTEPIOXN
— 2T10ixion wpihou MRNA pe 10 Yovidlo Tou

— 2 yovidla ye ouvtnpnMéEva ecovia alAd
QTTOKAEiVOVTa IVTPOVIa

* AAyOpiBuoc Smith-Waterman (1981)
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AUVAUIKOC TTPOYPANMATIOUOC
TOTTIKI OTOIXION

* AAYOpPIOUOC TTAPOPOIOG PE OAIKN OTOIXION
» Ala@opéc:
— O1 aoup@wyvieg divouv apvnTik BabuoAoyia.
— Ortav pia 1iun Tou TTivaka Byaivel apvnTikn, undevilerai.

— Bpiokoupue TNV KAAUTEPN TOTTIKI OTOIXION CEKIVWVTAC ATTO TO
KOUTAKI JE TNV UWPNAOSTEPN TIMNA KAl aKOAOUBOoUUE TNV
IXVIAATNON MEXP! VO KATAANCOUME O€ £va KOUTAKI PE Tiun 0.
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A.I'1 TOTTIKN OoTOIXION
TTapadeiyua (i)

j —=

0 —
Scoring-System
1C match=1
mismatch=-1
2 G 9ap=-2
3T LYVNAQTLON KEVO
\l/ traceback \ gap (-2)
4 T —
KEVO
5G
gap (-2) \l' match (+1)
6 T mismatch (-1)




i 3T

5G

6 T
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A.I'1 TOTTIKN OoTOIXION
Tapadelypa (i)

j —=

_90 —

>0

>0

Scoring-System

match=1
mismatch=-1

gap=-2

L vnAaTiom KEvo

traceback N\ gp (-2)

KEVO \
gap (-2) \l’ match (+1)
mismatch (-1)




i 3T

5G

6 T
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A.I'1 TOTTIKN OoTOIXION
Tapadelypa (lir)

S1.1= MAX [0+1, 0-2, 0-2, 0] = 1

ji—=
0 1 2 3 4 5
— C A T G T
o lo lolo oo Scoring-System
7 match=1
0 + 1 mismatch=-1
gap=-2
0
0 LYVNAQTLOT) KEVO
traceback\ gap (-2)
0 S
KEVO \l/
0 gap (-2) match (+1)
0 mismatch (-1)
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A.I'1 ToTTIKN OoTOIXION
TTapadeIypa (iv)

S12=MAX[0-1, 1-2, 0-2, 0] = 0

j—=
0 1 2 3 4 5
— C A T G T
0
° \Q% ° 1% ° Scoring-System
0O | 1+0 match=1
7 mismatch=-1
0 +0 gap=-2
0
LXVNAoTLom KEVO
0 traceback gap (-2)
N —>
0 KEVO \l/
0 gap (-2) match (+1)
mismatch (-1)

S2.1= MAX [ 0-1, 0-2, 1-2, 0] = 0
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A.I'1 TOTTIKN OoTOIXION
Trapcxéalvpa (V)

Bpiokoupe TNV KAAUTEPN TOTTIKN

0 1 2 3 4 5
OTOIXION EKIVWVTAG ATTO TO
— C A T G T \ . .
KOUTAKI JE TNV UWPnAOTEPN TIUN KAl
O0—| 0jo |0 |0 |0 |O akoAouBoUpE TNV IXVIAATNON
MEXPI Va KaTtaAAcouue o€ Eva
1¢j]0 |40, 0]0 0 KOUTAKI hE TIunA 0.
2G| O 0 0 0 1 0 O<1<2<3
* * T G T
i 3T o 0 |0 1 0 2 I I I
J/ X X T G T
4 T|o 0 | 0 1 0 1
5G| 0 0 0 0 2 0 AV KOl OTO OUYKEKPIMEVO TTAPADEIYHA
CEKIVAME aTTO KATW OECIA, YEVIKA auTd
6 T| o 0 0 1 0 3 dev gival atrapaitnTo, OTTWG Eival TNV
OAIKH oTtoixion (Auvauiké

TTPOYPANMATIONO).



Z1oixion Kard {euyn

[Tivakeg avTiIKaTaoTaoNng

2.TO TTapadelyua tou Auvauikou lNpoypappaTiopou, OAEG ol
OUNQWVIEC/AOUNPWVIEC gixav TO idI0 OKOP.

2.TNV TTPAEN, 1Mo TTEPITTAOKA cuoTrpaTa BaduoAdyions. Mia
AoUMQWVia JETAEU dUO TTOUpPIVWY OEV gival TO idIO PE HIa
AoUM@QWVia JETAEU TTOUPIVNG-TTUPIUIOIVNG. AIQPOPETIKEC
OUXVOTNTEC HETAAAACEWV.

To id10 Kal yIa TIG TIPWTEIVEG.

XpelalouaoTe TTivakeg TTou Bacifovral 0€ OUYKEKPIMMEVA
€CENIKTIKA JOVTEAA Kal AapBavouv uttoynyv TNV ouXvoTnTa Tou
KGBe xapakTipa
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[Tivakeg avTiIKaTaoTaoNng

o T[1a TTPWTEIVEG:
— [livakeg PAM
— [livake¢ BLOSUM
MeyaAuTtepn TIBAvOTNTA AVTIKATACTACNG METACU AMIVOCEWV HE

TTAPOMOIEG PUOIKOXNMIKEC 1I010TNTEC, (OUVTNPNTIKEG
QVTIKATAOTAOEIG).
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AoyapIOuIKEC TTIBAVOTNTEC

[MpwTn xpHon atrdé Dayhoff yia TTivakeg avTikataotaong mTou
XpnoigotrolouvTal atn BaBuoAdyion oToIXiCEWV.

BaBuoAoyia avTikaraoctaong ~ log(ocuxvotnta otéxXwyv / ouxvoTnta
uTTO3A0pPOoU)

2UXVOTNTA OTOXWV: TTAPATNPENOEIcEC TUXVOTNTEC AVTIKATAOTAONG O€
OTOIXIOEIC UTTAPKTWY KAl OJOAOYWYV TTPWTEIVWV. XPNOIUOTTOIOUUE
OTOIXIOEIC TTOU E£YIVAV KE TO ‘WATI KAI EiNACTE Oiyoupol OTI €ival CWOTEG.

2UXvOoTNTa UTTORABPOU: TTPOKUTITEI ATTO TIGC OUVOAIKEG OUXVOTNTEC TWV
QMIVOCEWV OTIC TTPWTEIVEC. YTTOBETOUNE OTI OEV UTTAPXEI ECENIKTIKI)
TTiEON OTIG AVTIKATAOTAOEIG.



2.UXVOTNTA QMIVOCEWV
a1TO Swissprot

Amino acikl composition

lle Lys Ay Asp Thr Pro n Gin P

Tyr M He G Tr

TOIX1OT KOT

a euyn
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[Tivake¢ PAM

Dayhoff et al., 1978
PAM -> Percent Accepted Mutations

Baoiotnke o€ 1572 AmTOOEKTES
QVTIKATAOTAOCEIC ATTO 71 groups
ECENIKTIKA ‘KOVTIVWV ONOAOYWV
OKOAOUBIWV.

1 PAM -> povada e¢eAIKTIKAG
aTTOKAIONG, OTTOU 1% TWV AUIVOCEWV
EXEl AANACEL.

C Cys

3 Ser

Lzt =

T Thr

P Pro | -

P

W L

G Gly || -

N Asn | -

D Asp |-

=127

Q Gln |-

H His |-

R Arg | -

K Ly -

M Met | -

I Tle |-

L Leu | -6 |-3

Vv Val |-

F Phe | -

Y Tyr

W Trp | -8

AVOUOIOYEVNG PUBHOC €CEANICNG YIA TIC OIKOYEVEIEC TTIPWTEIVWYV. Apa, 1
PAM onpaivel d1a@opEeTIKO XPOVO £CEAIENG YIa TNV KADE OIKOYEVEIQ.

[a 250 povadec PAM, Ba uttdpyel attokAion 100% petacu duo

OMOAOYWYV aKOAoUBIWY;
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[Tivakec PAM (ii

*  Ox1. AtokAion ~80%.

*  Mepikég BEoEIC NTTOPET VA £XOUV UTTOOTEN TTEPICOOTEPEC ATTO Hia
QVTIKATAOTACEIC, 1] OKOUA Kal va £XOouV €TTAVEADEI OTO APXIKO auIvogu!

* To KGO apivogu Ba £xel atrokAivel o€ dIaQoPETIKO Babuo. I1.x.
AMETABANTEC Ba TTapaucivouv 55% Trp, 6% Asn.



[Tivakec PAM (ii

@ETIKA TIUA OTOV TTiVOKA,
METAEU OUO AUIVOLEWY ->
10 TT0avo va
ouVvavTAOOUuE auTd TO
(euyoG o€ JIa aToixion
METAEU oudAOYWV
aKOAoUBIWV

ApvNTIKNA TIUR OTOV
TTivaka, JETagu duo
AMIVOZEWYV -> TTI0 aTTiBavo
VA OUVAVTHOOUUE QUTO TO
(euyog o€ Jia aToixion
METACU OOAOYWV
aKOAouBIwv

ZeUyn aUIVOEEWVY JE
TTAPOMOIEG IDIOTNTEG EXOUV
BeTIkEC TINEC log-0dds

Z1oixion Kard {euyn

)

Q
[#2]
H
o)
il | =N
Q
] | BN
)
tr
O
o
7
4
=
=
|| o
e
=2
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[Tivakec PAM (iv)

2.TIC OTOIXIOEIC XpNOIMOTTOINONKaV aKoAOUBIEC TTOU €ixav ATTOKAEIVEI
TTOAU Aiyo peTagu Toug (amréoTtaon 1 PAM).

Avaywyn o€ amméoTtaon 250 PAM (Mivakag PAM250).
[MoAAatTAacidotnke o PAM1 X 250 @opEG UE TOV £EQUTO TOU

2.€1pA TIVAKWYV. EuTtreipika TpoTtadbnke yia yevikrn xprion o PAM250
000 pyeyaAwvel TO VOUPEPO, MEYOAWVEI KAI N ECEAIKTIKI) ATTOOTAON.

['la oToiXION aKOAOUBIWY PE PIKPNR €CEAIKTIKA atTdoTACN,
XpNnolipoTtroloUue Trivakeg PAM e pIKpa voUuEPQ.

O1 mrivakeg PAM dnuioupynOnkav atrd akoAouBiec e HIKP ECENIKTIKI)
aTTé0TOON KAl ETTOPEVWCG Eival TTPOTIMOTEPO VA XPNOIWOTToIoUvVTal Yid
OTOiXION ‘KOVTIVWYV' aKoAouBIwv
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[Tivakec PAM (iv)

« Evyyeveic aTéAcieg:

— Aev Aauavetal utrownv o dIaPOPETIKOS BaBuoS ouvTripnong
TWV TTEPIOXWV MIAC TTPWTEIVNC.

— KdBe avrikardotaon Bswpeitail:

e AVECAPTNTN ATTO TTPONYOUNEVEC AVTIKATACOTAOEIC OTNV
idla B€on.
* AveCApTNTn ATTO TA YEITOVIKA QUIVOZEQ
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[livakec BLOSUM

BLOcks SUbstitution Matrix
Henikoff & Henikoff, 1992.

Xpnoigotroinoav TOTTIKES TTOANATTAEC OTOIXIOEIC ATTO OUVTNPNMEVES
TTEPIOXEC ECENIKTIKA ATTOMOKPUOHEVWY akoAouBiwv (B.A BLOCKS).

Kai edw og1pd TTIVAKWY JE DIAPOPETIKA VOUMEPOQ.

BLOSUMG2 : AkoAouBie¢ pe opolotnTa 62% Kal TTapatravw
opadoTTolouVTal.

Agev KAvVouv avaywyEC oTnV €CEAIKTIKN ATTOOTACN O€ AVTIOEON WE TIC
PAM.
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Baolikec dla@opEC peTacU
PAM-BLOSUM

O ka&6¢ TTivakag BLOSUM dnuioupyeital atmrd mrpayuatikd dedopEva Kal
Ol aT1TO avaywyn €vo¢ apXIkou TTivaka.

O1 PAM &nuioupynnkav atrdé oAk oToixion, evw ol BLOSUM atrd
TOTTIKA OTOIXION KOAG OUVTNPNHUEVWYV TTEPIOXWV.

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

More Divergent — Less Divergent
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[livakeg avTikaTaotTaong
VOUKAEOTIOIWYV

* MovrtéAo Jukes-Cantor: Eviaiol puBuoi petaAAagng

* MovrtéAo Kimura: petamtwoelg (transitions) 1moid moOaveg atro
METAOTPOPEC (transversions)
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BaBuoAoyion Kevwy

[ paupIkn TTOIVN VIO Ta KEVA (affine gap penalty)

— Mia TToOAU uwnAn TIUA YIa TV €l0aywyr €vog Kevou Kal
XaUNAOTEPN TIMA YIA TNV ETTEKTAOCN TOU KEVOU

ETIAoyn TTApANETPWY EUTTEIPIKNA!
@ewpEiTal oTTAVIO YEYOVOC N €I0aywyn KEVOU, OTAV OUWG
OUMBaivel, N ETTEKTACT) TOU OEV €ival TOOO OTTAVIQ

— T.x. Na BLOSUMG62: eicaywyn kevou -> lNoivy 10-15.
EtrékTaon kevou -> Troivr) 1-2
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BaBuoAoyion yiac otoixiong
JE TTIVAKA QVTIKATAOTAONG KAl
affine gap penalty

sequence 1 V D § - C ¥

sequence 2 V E S L C ¥

SCORE 4 2 4 -11 9 7 SCORE = SUM OF AMINO ACID PAIR SCORES
(26) MINUS SINGLE GAP PENALTY (11) = 15

Figure 3.7. Example of scoring a sequence alignment with a gap penalty. The individual alignment scores are taken from an
amino acid substitution matrix.



Odnyviec xpnong mvakwy

« [1a odnyiec xpnone:

— http://www.ebi.ac.uk/help/matrix.html

Guidelines for using matricies

85-300
50-85

85-300
35-85

<=10

BLOSUMSO -10
BLOSUMSE2 -7
BLOSUMEO -186
PAM250 -10
PAM120 -16
MDM40 -12
MDM20 -22

MDM10 -23

F I N R S SR N A )

Z1oixion Kard {euyn
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2. TATIOTIKN ONUAVTIKOTNTA UIAC
oTOoiXIoNC Kata euyn

* [leploodTEPEC TTANPOPOPIEC OTO:
http://www.ncbi.nim.nih.gov/BLAST/tutorial/Altschul-1.html

e  2TATIOTIKI ONMAVTIKOTNTA MIAG OTOIXIONG TIPAKTIKA ONUAiVEl OTI
o1 dUOo akoAoubiec gival oudAoyeC (Koivr) ECEMNIKTIKA TTPOEAEUON)

sequence 1 V D § =~
sequence 2 V E S L
SCORE 4 2 4 -11 SCORE = SUM OF AMINO ACID PAIR SCORES

C Y
C Y
9 7
(26) MINUS SINGLE GAP PENALTY (11) = 15
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2 TATIOTIKN ONUAVTIKOTNTA
OAIKNG aToixIong (i)

Agv UTTOPOUME VA YVWEICOUPE TV KATAVOUN TUXAiWV
TIMWV MIAS OAIKAG OTOIXIONG TUXAia ETTIAEYMEVWY (MN
OMOAOYWYV) aKOAOUBIWV.

[la KGBe oTOIXION, MTTOPOUME VA TTAPOUME TNV MIA
akoAouBia Kal va TNV avakaTEWPOUNE TTOAANEC POPEC
(Trpooopoiwon). ‘ETol diatnpeital n ouxvoTnTa Twv
AMIVOEEWV OTNV akoAouBia.

['la To0 KGO avakarepa, uttohoyi(oupe TN BaBuoAoyia
TNG OTOIXIONG TOU TuXaiou eUyouc.

@a Atav AaBo¢ va uttoBEcoupE OTI N UTTOAOYIOUEVN UE

TTPOOOMOIWCEIC KATAVONN TUXAiWV TINWV gival
KAVOVIKN. Z-score Oev JTTOPEI va JETATPATTEI o€ P- /\
value
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2. TATIOTIKN ONUAVTIKOTNTA
oAIKNC aToixionc (ii)

* Av mrpayuaroTtroinBei to avakarepa 100 gopEc Kal n JEYIOTN
BaBuoAoyia oToixiong dev utrepPaivel TNV BabuoAoyia TTou
TTAPATNPNOCAUE VIO TNV OTOIXION TWV 2 TTPAYMATIKWY
aKoAouBIWYV, TOTE N OTOIXION €ival OTATIOTIKA ONUAVTIKA O€
etritredo P-value < 0.01

*  MeyaAo UTTOAOYIOTIKO KOOTOG

e XPNOIYOTTOIEITAI VIO OAIKEC OTOIXIOEIC,EVTOUTOIC OEV EVOEIKVUTAI N
OAIK) OTOiXION yIa va atropaciooupe av dUo akoAouBieg gival
OMOAOYEG
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2. TATIOTIKN ONUAVTIKOTNTA
TOTTIKNC OTOIXIoNG (i)

Probability Density Functior

['10 TOTTIKEG OTOIXIOEIC XWPIC KEVA:
— QVAAUTIKI) JaBnuaTikr) Bswpia
KATAVOUNC TUXaiwv BaBuoloyiwv.
— Katavopn akpaiwv Tiwv (Extreme :
value distribution - Gumbel). 5

100

["1aTi 61 KAVOVIKA KATAVOWN);

— TiaTti o€ yia opotTapdBeon duo
OKOAOUBIWV XPNOIYOTTOIOUKE JOVO TNV
BEATIOTN 11O OAEC TIC dUVATEC
OTOIXIOEIG
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2 TATIOTIKN ONUAVTIKOTNTA
TOTTIKNC OTOIXIoNG (ii)

Katavoun akpaiwv Tipwv Gumbel
— O1 TTapAUETPOI TNG KATAVOPNG TTPETTEI VA TTPOCAPUOOTOUV:
e OTO oUOTNUa BaBuoAdyiong
e 2Ta PAKN TwWV OUO akoAouBiwv

e OTIC OUXVOTNTEC UTTORAOPOU TWV VOUKAEOTIDIWV/
QAMIVOCEWV

['10 TOTTIKEG OTOIXIOEIC UE KEVA, DEV UTTAPXEI AVAAUTIKN
MaBnuaTiki Bewpia, £xouv OPWC avatrTuxBei uébodol
UTTOAOYIOUOU.
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2 TATIOTIKN ONUAVTIKOTNTA
TOTTIKAC aToiXiong (lii)

[a pia dedopEvn TOTTIKA OToIXIoON (XWEIC KEVA) dUO akoAouBiwv e

score S, TTO0EC TUXaieG OoToIXioEIg Ba pTTopoucayv va dWOoUV TO idIo
score Il KaAUTEPO;

E = Kmne"S (E-value)

m,N JUAKN TwV akoAouBIwv
S score oT0iXIoNG

K, A eCapTwvTal a1td TN OUXVOTNTA VOUKAEOTIOIWV/AUIVOCEWY KAl TO
ouoTtnua BabuoAdyiong.

T1 onuaivel yia yia otoixion, E-value = 1;

2UvNOwc n anuavtikoTnTa opileTal: E-value < 10e-4
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2. TATIOTIKN ONUAVTIKOTNTA
TOTTIKAC OTOIXIONG (V)

To raw score PIag TOTTIKAG OToiXIoNG e€apTaral atrd 10
BaBuoAoyikd cuoTnua TTOU XPNOIUOTIOINONKE.

Xpeialetal va kavovikoTroinBei (normalization). Eival cav
va JIAQUE yIa atTOoTaon XWwEIc va dIeuKpIviCouhE av gival
o€ JETPA N TTOdIA.

_ AS-InK
Bit score S” €ival TO KAVOVIKOTTOINUEVO raw score. In 2

. : S
To E-value yia 1o kavovikoTroinuévo score (bit score) E = mn2
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Avalntnon ouoAoywv aKkoAouBIiwy o€
Baoeic 0edopEVWV (i)

* OpodAloyec akoAoubBieg TTIBavOV va €XoUV TTAPOUOIEC AEITOUPYIEC.

« AxkoAouBia eTepwtnong (query sequence)
* YTIoKkeihevEC akoAouBiec otnv Bacon dedopEvwy (subject sequences).

* 1 akoAouBia X B.A
* N akoAouBie¢ X B.A

* Avalntnon he duVauIko TTpoypaupaTiond: Smith-Waterman, SSearch

» EupeTikOi aAyopiBuol yia avixveuon ouOAOYwV akoAoUBIwV.
— FASTA
— BLAST
* 50 QpopEc ypnyopoTEPOI ATTO QUVAUIKO TTPOYPAMUATIONO, AAAG evOEXETAI:
— VO MNV EVTOTTIOOUV KATTOIEC ‘QTTOMOKPUOMEVEC OPOAOYEC OKOAOUBIEG.
— Va M yivel n BEATIOTN OTOIXION
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Avalntnon ouoAoywv aKkoAouBIiwy o€
Baoeic dedouEVWV (ii)

* [1a KA&Be oToixion piag akoAouBiag A pe akoAouBiec atrd Tnv B.A.,
uttoAoyileTal pia BadBpoAoyia S kal kavovikoTroigital (bit score).

* [1a uia avalntnon o€ B.A. yivovTtal TTOAEG aToIXio€IC. AUTO TTPETTEI
va AnNeOei utTdwnv OTOV UTTOAOYIOHO TNG OTATIOTIKNC
onMavTikoTnTag (multiple testing correction).

« AlopBwpévo E-value = E-value X N
* (N=ap1Buog akoAouBiwv otnv B.A.)

* Ymapyxouv TTapaAAayEC Tou TPOTTOU UTTOAOYICHOU TG OTATIOTIKAG
OnNMAvTIKOTNTAG, YIa TO KABE TTpOYpaMa.

*  AIapopeTIKOG UTToOAOYIONOG HeTagU FASTA - BLAST.



Z1oixion Kard {euyn

AAyOpIOuoc BLAST

http://www.ncbi.nlm.nih.gov/bookshelf/br.fcgi?book=comgen&part=blast

words: Aé€eig pnkoug W tTou

— Qgv atraiTeital va Taipialouv attOAUTA JHETACU TWV TTPWTEIVIKWV
aKOAouBIwv

— TTPETTEI va TAIPIACOUV ATTOAUTA PETACU TWV VOUKAEOTIOIKWV
QKOAOUBIWV.

[MpwrTeives: w=3

NOUKAEIKG o¢ea: w=11

E-value

— Default: 10 (yia va pn xaBouv oudAoyeg akoAoubieq)
— 2uvnbwcg E-value < 1e-3 (yia va atrougivouv ouoAoyeg akoAouBieg
UWPNANRG ENTTIOTOOUVNG)



Z1oixion Kard {euyn

AAyOpIOuoc BLAST

(1) For the query find the list of high scoring words of length w.

Query Sequence of length L

- - ——————- Maximum of L-w+1 words (typically w = 3 for proteins)

—_—
T — For each word from the query sequence
— find the list of words that will score
— at least T when scored using a pairscore
T matrix (e.g. PAM 250). For typical parameters
1 there are around 50 words per residue of the query..
PQG
20 X 20 X 20 = 8.000 words
PQG X 8.000 words

PQG XPEG=7+2+6=15
OpiomnipyAc T



Z1oixion Kard {euyn

AAyOopIOuoc BLAST

(2) Compare the word list to the database and identify exact matches.

........ % Database
— Sequences

Exact matches of words
from word list

(8) For each word match, extend alignment in both directions to find
alignments that score greater than score threshold S.

—_——

|

—_—

Maximal Segment Pairs (MSPs)



Z1oixion Kard {euyn

[TeploXEC XAUNANG TTOAUTTAOKOTNTAC
(1)

Low complexity regions

« EmavaAqyelc:
— poly-A tails
— Poly-proline tracts

« Tandem repeats:
KTPKTPKTPKTPKTP

* Interspersed repeats:
KTPAKTPKTPKTP

* [lpokuTtrTouv atrd AGBn:
— 2TNV MITWTIKA avTiypan (mitotic
replication slippage)

— 2TOV MEIWTIKO avaouvOuaouo



Z1oixion Kard {euyn

[TeploXEC XAUNANG TTOAUTTAOKOTNTAC
(il

« 2 un oudAoyec akohoubiec. PEGADINDAKK LINEDQPR
DSAKLIMTCKPIMQEYGA

PEGADINDAKK LINEDQPR
« MetaAAaceic otnv akoAouBia 1. l

PEGADINDAKKKKKKKKKKKKKKKK LINEDQPR

DSAKLIMTCKPIMQEYGA

!

DSAKLIMTCKKKKKKKKKKKKKKPIMQEYGA

*  MeTtaAAaeig otnv akoAouBia 2.

XOMNAAS TTOAUTTAOKOTNTAC: l FEerereereerer
_ H oToiyion 6a Seitel opoAoyia DSAKL IMTCKKKKKKKKKKKKKK - - PIMQEYGA




Z1oixion Kard {euyn

DiIATpapIoua TTEPIOXWV XOAUNANC
TTOAUTTAOKOTNTAC

PiIAtpdpioua (masking)

Kai yia BLAST kai yia FASTA.

PEGADINDAKKKKKKKKKKKKKKKKLINEDQPR

| NENNRRNRERERY |
PIATpdpeTal N akoAouBia DSAKL IMTCKKKKKKKKKKKKKK - - PIMQEYGA

ETTEPWTNONG HOVO.

Xy ﬁ_p(}”f'fi'\,/ﬁg kai N yia PEGADINDAXXXXXXXXXXXXXXXX LINEDQPR
VOUKAEIKA 0o&€a (1 MIKPA
ypdupaTa) DSAKL IMTCXXXXXXXXXXXXXX - - PIMQEYGA

®iATpa ToU Blast:
— Dust: voukAeoTidia
— Seqg: TpWreiveg

AAAeC akoAoubBieg TTou PTTOPET VA QIATPAPOVTAL:
— EmavaAqyeig Alu
—  ®opeic KAwvoTToinong
—  AIQPEUPBPAVIKES TTEPIOXES
— Coiled-coils



Blast



Program

Blast

Database

Query

Typical uses

BLASTN

Nuwcleotude

Nucleotude

Mapping oligonucleotides,
¢DNAs, and PCR
products to a genome;
screening repetitive
clements; cross-species
sequence exploration;
amnotating genomic DNA;
clustering sequencing reads;
veetor chpping

BLASTP

BLASTX

Protein

Protein

Protein

Nucleotide transkted nto
protemn

Identifying common regions
between protens; collecting
related protems for
phylogenetic analyses

Finding protemn-coding
genes in genomic DNA;
determmng if a cDNA
corresporxds to a known
protein

TBLASTN

TBLASTX

Nuwcleotide translated mto
protein

Nucleotide translted mto
protein

Protein

Nucleotide transkted mto
proten

Identifying transcripts,
potentially from multiple
organisms, sirnilar to a
given protein; mappmg a
protein to genomic DNA

Cross-species gene
prediction at the genome or
transcript level; searching
for genes missed by
traditional methods or not
yet in protein databases

Blast



Blast

Blast

QUERY DATABASE
SEQUENCE

Nucleic Acids

Nucleic Acid blastn
concgptual — I tb[astx '
protein E_ ﬁ =

translations =——% |comcpunl
—— [~
=7 translations

Proteins/Peptides

Peptide/Protein

Graphic courtesy of Joel Graber.




- Blastn blastn )
— NoukAegoTidia database
X VOUKA£OTISIa Query sequence nucieotides
i nucleotide
— [a oToixion —
tRNA, rRNA,
MRNA,
veEVwIKO DNA
- _J
Program Database Query Typical uses
Mappmng oligonucleotides,
¢DNAs, and PCR
products to a genome;
screening repetitive
BLASTN Nuwleotde Nucleotde ck:m.:rns% crgss-spccics

Blast

Blastn / MegaBlast

sequence exploration;
amnotating genomc DNA;
clustering sequencing reads;
veetor clippmg



Blast

MegaBlast

 MegaBlast
— 10X Taxutepo atro Blastn
— Ta oToixion akoAouBiwv TTou dIaPEPOUV TTOAU Aiyo PETACU TOUG
— Kupiwcg yia otoixion mMRNA pe oAOKANpo 10 yevwuikd DNA



Blast

Blastn

Mapadeiypa: ‘EAcyxoc eceidikeuong (eUyoug EKKIVATWY (primers)

uery Sequence

Distribution of 28 Blast Hits on the

IMouse-overm show defline and scores, click to show alignments

Color key for alignment scores
<40 40-50 80-200 >=200
Q ue ry |
| I | | I | I |
0 10 20 30 40 50 60 70
—— —
— —
— —
— ——
——— —
— —
——— —
— —
—— —
— —
— —
— —
—————
—
—— —
Score E
Sequences producing significant alignments: (Bits) WValue
) . > gi| 1698398 | gb | L78833.1]| EE] Homo sapiens BRCA1l (BRCAl) gene, complete cds;
gi| 1698398 | gb| L78833.1] Homo sapiens BRCA1l (BRCA1l) gene, comp... 38.2 0.79 X = - i
gi|75875128|gb|DQ190457.1| Homo sapiens clone mck4l_A neighbo... 38.2 0.79 ribosomal protein LZ1l-like protein (rpL21l) pseudogene, complete secquence;
gi| 75875068| gh|DQ180456.1| Homo sapiens clone mckS78_U neighb... 38.2 0.79 Rho?7 (Rho7) and VatI (Vatl) genes, complete cds; and unknown
gi| 75874960 | gb|DQ190455.1| Homo sapiens clone mckSS54_A neighb... 38.2 0.79 " .
gi|75874870| gb|DQ190454.1| Homo sapiens clone mck‘lS_A neighbo... 38.2 0.79 (1fp35] gene, exons 1 t.hrough 3 and partlal cds
gi| 75874793 | gb|DQ190453.1| Homo sapiens clone mckSS5_A neighbo... 38.2 0.79 Length=117143
gi| 75874674 | gb|DQ190452.1] Homo sapiens clone mckS4_A neighbo... 38.2 0.79
gi|75874616|gb|DQ190451.1] Homo sapiens clone mck47_A neighbo... 38.2 0.79 _ . _
gi|75874526|gb|DQ190450.1] Homo sapiens clone mck432_A neighb... 38.2 0.79 Score = 38.2 bits (19), Expect = 0.79
gi| 30039658 | gb|AY273801.1| Homo sapiens breast cancer 1, earl... 38.2 0.79 Identities = 19/19 (100%), Gaps = 0/19 (0%)
g}|29126449|gb[AC060780.18] Homo sal.Jlens chromosome 17, clone R 38.2 0.79 Strand=Plus/Plus
gi|26291646|gh| AC135721.4] Homo sapiens, clone CTD-3199J23, comp 38.2 0.79
i) 1029029 | emb| 257798.1| HS197CSR  H.sapiens CpG island DNA gen... 38.2 0.79
gi| 1029028 exb | 257797. 1| HS197CSF  H.sapiens CpG island DNA gen... 38.2 0.79 Query 1 GTACCTTGATTTCGTATTC 19
gi|1147602 |gh|U37574.1|H3U37574 Human BRCA1l gene, partial cds 38.2 0.79 G

L CLCLLLLLE T
3bj Ct@GTRCCTTGLTTTCGTRTTC @

Score = 38.2 bits (19), Expect = 0.79
Identities = 19/19 (100%), Gaps 0/19 (0%)
Strand=Plus/Minus

Query 56 GACTCTACTACCTTTACCC 74

FEEErrrrrrr el
3bj ct. GACTCTACTACCTTTACCC @




Blast

Blastn

Mapadeiypa: Evromouog SNPs og akoAouBieg Tou 10U HIV-1 yia
avOEKTIKOTNTA O€ PAPMAKA

™ Query 5 CCTCHARTCACTCTTTGGCAACGACCCCTCGTCACAATAALGATAGGGGGGCAACTALAG 64
- = - o A 60
- T = ] T A 60
I = = - = A 60
Y= i - T 60
I Y= 3 Y o O 60
I Y= 3 - T A 60
- = = A 60
[T 23380206 1 ..... B e 60
- T =T T S A 60
I - = o T A 60
I = = = T 60
715150147 1 ..... (e 60
I T T T O 60
I Y T - O 60
T 44887180 1 ..... L 60
I B < 7= = V-7 T O 60
[T 7682537 19 ..... (e 78
M s1012122 1 ..... e Guvwennn 60
™ 6019233 1 ... oo ettt Geveeenne e 60
[T 37220926 183  ..... Y 242
" 63080062 1 ..... Y 60
[To9943154 1 ..... b e it et e et Beiiiiinnnnnn 60
[Togo3sz201 1 ..... T 60
™ 6446433 19  ..... (e Bttt ittt et ettt e e, 78
[T 3098582 1806 ..... (e 1865




MpwTeivn X TTPWTEIVEC

[Mapadeiyua:

— [MpdBAewn AsiIToupyiag piog ayvwoTng TTPWTEIVNC.
— EvTommoudcg opBoAoyng TTpwTeivng o€ AAAa €idn.
— EvVTOTOopOS OAWY TWV JEAWYV TNG TTPWTEIVIKIG OIKOYEVEIQG

Blastp

0T0 id10 ] o€ AAAQ €idn

'

query seguence

protein

blastp

database
proteins

Blast



Translated Blast

H voukAeoTIOIKI) akoAouBia evog yovidiou epgavileTal AiyoTEPO

ouvTnpnuévn atrd TNV APIVOEIK akoAoubia TS TTPWTEIVNG Tou.

[Tio evaioBnTeg pEBodOoI atrd Blastn yia avixveuon oudAoywv
TTEPIOXWV (VIO TTEPIOXEC TTOU KWOIKOTTOIOUV TTPWTEIVEC).

MeTA@pPAon UE CUYKEKPIUMEVO YEVETIKO KWOIKA
— akoAouBiag erepwTtnong (query sequence)
— akoAouBiwv otnv B.A.

— Kal Twv dUO TauToXpOova

Blast



Blast

4 tblastn h
database
tblastn
query sequence
protein
—

database

I_Iprgivr] (query) X BA proteins (6 reading frames)
VOUKAEOTIOIKWV aKOAOUBIWV

METAPPACTUEVWY KAl OTA 6 e seauenee
aAvayvWOTIKA TTAaiolq. =
\.
Identifying transcripts,
ucleoti : tentially from multiple
TBLASTN Nuckeotde transhted mto | p ez E?g:nisﬁ, il t0 &
protem given protein; mappng a

protein to genomic DNA



Blast

tblastn

* Xpnon
— H B.A. repi€xel VOUKAEOTIOIKEC aKOAOUBIEC ueE AyvwaoTn AsIToupyia
(ouAoyn ESTs ) apop@oTtrointa dedopéva atrd TNV aAAnAouxion
EVOG YEVWHATOG) EVOC opyaviopou A kal BEAOUUE va EVTOTTIOOUUE
MO TTPWTEIVN JE OUYKEKPIMMEVN AsIToupyia oTov opyavioud A. Q¢
aKOAoUBia €TTEQLWITNONG XPNOIYOTTOIOUME TNV TTPWTEIVN TTOU €ival
YVWOTH OTOV opyaviouo B.

o AvTripyetwrrilel To TTPORANUa AaBwv otnv aAAnAouxion, TTou Ba
MTTOPOUCE VA KATAOTPEWEI TO AVAYVWOTIKO TTAQICIO.



Blastx

* NoukAeoTIOIKr} akoAouBia eTTepwTNONG (query) TTou peTappaleTal oTa 6

AVAYVWOTIKA TTAQiOIa KOl OUYKPIVETAI HE B.A. TTPWTEIVIKWY aKOAOUBIWV.

~ ™
blastx
database
query sequence proteins
nucleotide protein (6 reading frames)
. —> .
—
[
—/
—
| —
L. o
Finding protein-coding
o dantida _ . genes in genomic DNA;
BLASTX Protein Nucleotude transkted mto determining if a cDNA

protemn

correspords to a known
protein

Blast



[Mapadeyua: eVIOTTIONOG HETAAAAENG TTOU aAAAGCEl TO avayvwaoTIKO TTAQiCIO.
— 2T0 TTapAdelyua, uttdpxel aAAayr avayvwaoTikou TTAaigiou (frame +2 -> frame

Blastx

+1) ot B€0n 268 TNG TTPWTEIVNG ETTEPWTNONG

Alignments

>gi| 18538741 | gh| AAL71647.1| envelope glycoprotein [Huwan ireounodeficiency wvirus 1]

gi| 18538703 |gh| AAL716258.1| envelope glycoprotein [Huwan imounodeficiency virus 1]

Frame +2
Query 2
Shjct 1
Query 182
Shijct 61

Length=201
Score = 232 bhits (591), Expect = 7e-60
Idensdtdss = 110/112 (98%), Positives = 110/112 (98%), Gaps = 1/112 (0%)

Query 268 TIAFNQSSGGDPEIVMHSFNCGGEFFYCNTTQLFNSTWPTNK-KSTNKTGTITLPCRIKQ 444
TIAFNQSSGGDPEIVMHSFNCGGEFFYCNTTQLFNSTWUPTN KSTNKTGTITLPCRIKQ
Shjct 90 TIAFNQ3SGGDPEIVMHSFNCGGEFFYCNTTQLFNSTWPTNNTKSTNKTGTITLPCRIKQ 149
Query 445 IINRUQEVGKAMYAPPIKGQIRCSSNITGIFLTRDGGNASDETETFRPGGGN 600
IINRWQEVGKAMYAPPIKGQIRCSSNITGIFLTRDGGNASDETETFRPGGGN
Shjct 150 IINRUQEVGKAMYAPPIKGQIRCSSNITGIFLTRDGGNASDETETFRPGGGN 201
Score = 181 bits (460), Expect = 1le-44

= 89/89 (100%), Positives = 89/89 (100%), Gaps = 0/89 (0%)

EEDIVIRSENFTNNAKTIIVQLKESIKINCTRPNNNTREKSIPIATGGAIYATGDIIGDIR 181
EEDIVIRSENFTNNAKTIIVQLKESIKINCTRPNNNTRKSIPIATGGAIYATGDIIGDIR
EEDIVIRSENFTNNAKTIIVQLKESIKINCTRPNNNTRKSIPIATGGAIYATGDIIGDIR 60

QAHCNLSRDQUDNTLSQLVTKLREQFGNK 268
QAHCNLSRDQWDNTLSQLVTKLREQFGNK
QAHCNLSRDQWDNTLSQLVTKLREQFGNK 89

>gi| 40850479 | gh | AARS5942.1| envelope glycoprotein [Huwan irmeounodeficiency wvirus 1]

gi| 18538655 | gh| AAL71604.1| envelope glycoprotein [Huwoean irmeounodeficiency virus 1]

gi| 1553586153 |gh| AAL715853.1| envelope glycoprotein [Huwan imounodeficiency wvirus 1]

Length=201

Blast



tb[astx

NoukAeoTIOIKA) akoAouBia
ETTEPWTNONG (query) TTou
METa@PAleTal OTA 6
AvVAYVWOTIKA TTAQioIa Kal
ouykpiveral pe B.A.
VOUKAEOTIOIKWYV aKoAouBIwvV
METAPPACHUEVWYV Kal OTO 6
aAvayvwoTIKA TTAaiolq.

6X6 blastp

TBLASTX .
protein

tblastx
database

nucleotides

query sequence
nucleotide

database
proteins (6 reading frames)

query sequence  query sequence
nucleotide protein

- >

Cross-specics gene
prediction at the genome or

Nuwleotde transkted mto  Nucleotide transkted mto | transeript level; searching

protemn for genes missed by
traditional methods or not
yet in protein databases

Blast



Blast

tblastx

« Avadlntnon (d1acidikn) yia AyvwaoTa JEXPI onPEPa yovidia.



Blast

Blast kal puAoyEveon

J Mol Evol (2001) 52:540-542

DOL: 10.1007/s002390010184 JOURNAL OF 'gﬂl_ecum

© Sprnper-Verlag New Yook Ing. 2001

Letter to the Editor

The Closest BLAST Hit Is Often Not the Nearest Neighbor

Liisa B. Koski, G. Brian Golding

Department of Biology, McMaster University, 1280 Main Street West, Hamilton, Ontario Canada, L3S 4K1

Recetved: 23 January 2001 / Accepted: 20 February 2001



Blast

ETTaAnBeuon ouoAoyiac yEow
EVOIAUETWY OKOAOUBIWYV

 ‘Eotw 2 akoAouBicc A kai B gival opdAoyeg kal otoixiCovtal o€ OAO
T0 JAKOC TOUC.

* Av uia akoAouBia I gival opydAoyn ue Tn B, 161€ Ba €ival opdAoyn
KOl JE TNV A, €0TW Kal €AV OEV TTAPATNPOUUE OTATIOTIKA ONUAVTIKI
oToixion MeTagu TN A Kal g I



ETTaAnBeuon ouoAoyiac yEow
EVOIAUETWY OKOAOUBIWYV

2 akohouBiec A kai B gival opohoyec aAAa AEN oToixilovral gg 6Ao 10
UNKOC TOUG.

H B civai etriong opodAoyn ue v I.
H A givai oyodAoyn pe tnv I

S
S

i —
.
oy



PSI|-Blast



PSI-Blast

PSI-Blast: 11 sival

PSI-Blast: Position-specific iterated Blast
Position specific scoring matrices (PSSMs) (lNivakeg avtikardoTaong 8€ong)

Altschul et al., 1997
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC146917/pdf/253389.pdf

H avalitnon yakpivwy ogoAdywyv o€ B.A. gival 10 uaioBntn Ye TN Xpnon
AUTWYV TWV TTIVAKWV.

['la opdAoyec akoAouBicg 1o PSI-Blast Bpiokel yéxpr kal 3 QopEC
TTEPIOOOTEPEC MAKPIVEC OOAOYEC akoAouBiec (opoidTnTa < 30%) O0€ oxéon HeE
10 Blastp.



PSI-Blast

PSI-Blast: 11 sival

2.€ Mo akoAouBia o1 didgopeg BEoeIC dev gival TO D10 CUVTNPNUEVEC/EUENIKTEC
AOYW OSOUIKWV/AEITOUPYIKWY TTEPIOPICHUWV.

XpnoiJoTrolwvTtag opdAoyec akoAoubieg atrd Tov idlo 1} GAAOUS opyaviououg
KAaTtavoouue TNV eueAigia kaBe BEong piag akoAouBiac.

[1.x. Z€ jia akoAouBia A, otnv B€on 123 (evepyod KEVTPO ev{UpPOU) BAETTOUHE Eva
MOVO apIvogu.

2.€ Mo TTOAAQTTAR oToixion TN A e opdoOAoyeC akoAouBieg BAETTOUNE yia TRV idIa
Béon (123) ToId AAAG auIvOEEa ETTITPETTOVTAI KAl OE Ti OUXVOTNTEG.

To PSSM xpnoiyoTtrolei auTh) TV TTANpogopia yia va avalnTioel Jakpiva
ouOAoya o€ uia B.A.



ApXIKQ yiveTal TTOANQTTAR OTOIXION TWV AKOAOUBIWV

A. Sequence alignment”

urt-71 A
glnA-71 G
nirA-71 A
ntcB-71 A
devBCA-71 ¢

2TN OUVEXEIa, yia akoAouBia pRkoug L dnuioupyeital Trivakag:
— L X 4 (nucleotides)
— L X 20 (proteins)

M e e |

T

T
T
G
T

- 0O S04

H o o A

PSSM

0P Q@A

0O 000

Q@ H e p

o i

0w 0 p e

o R B

[ B I S

s 0P 0H

00 A p

i I

e I e B R |

o BN B e |

PSI-Blast

= d 400



PSI-Blast

r

IVETQI KATAPETPNON TWV CUXVOTATWY TWV XOPAKTAPWYV YIa TNV

KaBe BEon.

y

r

r

A. Sequence alignment”

urt-71

T

A A A A C

=
<
<

C A A A A AT A
A C A A A G A C

G C T A C T

=

A

T
T

G
A
A

glnA-71

=

nirA-71

T
C A A A T

T A T

T A

A C A A A AT C

C A G T

A

ntcB-71

G T

cC T

cC A T T

devBCA-71

a

B. Table of occurrences

ol

[}

[}

ol

ol

ol

ol

[}

ol

<0V 0O H



PSI-Blast

PSSM

* AkoAouBei pia ogIpd HETACXNUATIOPWY
— 2UVTEAEOTAG BapuTnTag TNG KABe akoAoubBiag pe Baon TNV opoIoTNTA TNG
ME AAAEG.
— Pseudocounts
— NAapBavetal uttownv n ouxvoTnTa UTToABPOoU Tou KABE XapakThpa
* YTroAoylopog Twv odds (TTapatnpeouuevn ouxvoTnTa / ouxvoTnta
utTodaBpou).
— Log-odds

« O TTivakag auTtog XPNOIKOTTOIEITAI YIA TOTTIKA) OTOiXION JE OKOAOUBIEG O€ [Ia
B.A. (avtikaBioT1d TNV akoAouBia €TeEpWTNONG).

F. Position-specific scoring matrix: Log-odds form (B = 0.1)*¢

A 02 04 22 22 07 22 22 00 04 07 02 01 02 04 04 07 07 00 22 04 01 04 04 07
C 07 25 25 04 25 25 25 25 07 01 25 25 04 25 25 04 25 25 00 04 25 25 25 04
G 07 25 07 25 25 00 25 25 07 25 07 25 25 07 07 25 25 25 25 25 25 2 25
T 22 02 01 02 01 22 00 22 07 22 07 07 22 04 04 04 01 22 22 07 07 02 02 04



PSI-Blast

2TO0Ia Tou PSI-Blast

 [lpwTto o1ddIo:
— Blast ye Tnv akoAouBia erepwtnong o€ pia B.A. (E<0.001 default).

— O1 1omIKEG OTOoIXioEIC TToU BpéBnkav (E-value < cutoff) xpnoiyoTtrolouvrai
yia Tn dnuioupyia piag TToAAQTTANG oToixiong M pe onueio ava@opdg Tnv
akoAouBia etrepwTtnong (L B€oclg).

« Agv eMTPETTOVTAI KEVA OTNV aKOAOUBia £TTEPWTNONG.
« AuTtr) n TTOAAQTTAR oTOiXIoN (aKOAoUBia - onuEio ava@opag) dlagEpEl
aTTO TIG TUTTIKEG TTOAAATTAEG OTOIXIOEIG

— ATttaAoipr) akoAouBIwV Pe TTOAU pyeyaAn opoloTnTa.

— Anuioupyia PSSM.



PSI-Blast

2TO0Ia Tou PSI-Blast

AeUTEPO OTADIO:

— Néa avalitnon otn B.A. ye to PSSM avTi TG apxIkAG akoAoubiag
ETTEPWTNONG.

— O véeg akoAouBieg TTou BpEBnkav kail CeTTEPVOUV TO KATwWAI E-value
AVAVEWVOUV TNV TTOAAATTAN OTOoiXIoN Kal dNUIOUPYEITAl £Eva VEO
PSSM.

H diadikacia eravadauBaverar yéxpl va un Bpebouv veeg akoAouBieg pe
Evalue < iy katw@Aiou (convergence).

2UVNOwCg, 3-5 KUKAOI apKouV yia va BpeBouv Ta TTEPICCOTEPA HAKPIVA
oMOAoYQ.



PSI-Blast

PSI-Blast

a Accession Alignment E-value

15-3 108 :'121
P49789 1 7777277 ) 147

P49779 R A A0 y/. 8e-27
P49775 VA 6e-18
Q11066 - p— 3e-07
Q09344 E— : 4e-05
P49378 e e — 0.001

P32084 — S 0.002




PSI|-Blast

Query sequence

Sequence homologs

Profile

Additional homologs

New profile

l BLAST search

l Multiple alignment

ACDE ..

o WS -

l BLAST search

l Incorporated in profile

ACDE

e N -

Process

iterated

PSI-Blast



PSI-Blast

PSI-Blast

* T[lpiv kavoupue PSI-Blast rpétrel va ¢€poupe T avalnrape!!!

— avalnToupe OPOAOYEC TTPWTEIVEG E TNV idIA APXITEKTOVIKI] ETTIKPATEIWV
(domain architecture);

— AvaldnToupE TTPWTEIVES TTOU VA TTEPIAQUBAVOUV HIO CUYKEKPIYPEVN TTEPIOXN;
XpPNOILOTTOIOUPE JOVO QUTH TNV TTEPIOXH OTNV apXIK avadlrntnon.

— Av n TTEPIOXI QUTH €ival YVWOTH) ETTIKPATEIQ TTOU UTTAPXEI o€ B.A.
MpwTeivikwy etTikpaTteiwy (1T.X. PFAM), T0TE KOAUTEPQ VO
XPNOIMOTTIOINOOUNE AUTEG TIG B.A.

—  KATTOIEC TTEPIOXEC/ETTIKPATEIEC CUVAVTWVTAI O€ TTOAAEC TTPWTEIVEC.
* [lpoooxn otnv avadritnon oTav UTTAPXOUV TETOIEG TTEPIOXES

— Av Cekivijooupe Pe AAAN opoAoyn akoAouBia eTTepwTnong dev gival oiyoupo
OTI Ba pTAoOoUPE OTO idI0 aTToTEAEOUA!

— [lpoooxn troiE¢ akoAouBicc cuuTtrepIAaupavouue oto PSSM. Av eicéABouv
AGBo¢ akoAouBieg, To AdBo¢ Ba avaTtpopodoTeital o KABe KUKAO (profile
drift)



PSI-Blast

Emkparteiec (Domains)

KATToIEG ETTIKPATEIES
ouvdualovTal TTOAU ouxva
UE AAAEG, oTnV idIa
TTPWTEIVN.
http://genome.cshlp.org/
content/18/3/449.full

Evolution of protein domain promiscuity in

eukaryotes

Click on image to view larger version.

Click on table to view larger version.

Table 2. The 10 most promiscuous domains in animals, fungi, and plants

Average
promiscuity Most frequent No. of
Domain (m) bigram partner occurrenc
Animals
PH (smart00233) 972.18 SH3 (smart00326) 96
PDZ (smart00228) 675.6 SH3 (smart00326) 166
SH3 (smart00326) 556.45 GuKc (smart00072) 197
C1 (smart00109) 479.35 C2 (smart00239) 85
PHD (smart00249) 464.83 BROMO (smart00297) 123
RING (smart00184) 441.26 BBOX (smart00336) 128
TyrKe (smart00219) 413.74 FN3 (smart00060) 223
EGF_CA (smart00179) 397.07 CUB (smart00042) 55
SAM (smart00454) 371.45 TyrKc (smart00219) 138
EGF (smart00181) 353.07 LamG (smart00282) 155



TTIKPATEIEC KAl avalnTnon o€
B.A.

Family: zf-C2H2 (PF00096) - c A = Z

L3
238 3126‘8 2 interactions 728 species 133 structures
architectures seguences

Summary | Domain organisation
Domain
organisation Below is a listing of the unique domain organisations or architectures in which this domain is found. More...
Alignments There are 3344 sequences with the following architecture: zf-C2H2
HMM logo ADR1 YEAST [Saccharomyces cerevisiae (Baker's yeast)] Regulatory protein ADR1 (1323 residues)
Trees ) _ .

Show all sequences with this architecture.
Curation & .
e There are 1911 sequences with the following architecture: zf-C2H2 x 2

AEF1 DROME [Drosophila melanogaster (Fruit fly)] Adult enhancer factor 1 (308 residues)
Species B -
Interactions Show all sequences with this architecture.
Structures There are 638 sequences with the following architecture: zf-C2H2 x 3

ODD DROME [Drosophila melanogaster (Fruit fly)] Protein odd-skipped (392 residues)
Jump to... u e

Show all sequences with this architecture.
— @ There are 485 sequences with the following architecture: zf-AD, zf-C2H2
ZN276 HUMAN [Homo sapiens (Human)]_Zinc finger protein 276 (614 residues)
—_— &Zf.-AD)‘— - ﬂi -
Show all sequences with this architecture.

There are 388 sequences with the following architecture: zf-C2H2 x 4
ESCA DROME [Drosophilainelanogaster (Fruit fly)] Protein escargot (470 residues)

o
Show all sequences with this architecture.

There are 262 sequences with the following architecture: zf-C2H2 x 5
CF2 DROME [Drosophila melanogaster (Fruit fly)] Chorion transcription factor Cf2 (510 residues)

S —
Show all sequences with this architecture.
There are 239 sequences with the following architecture: zf-C2H2 x 6

Q9H7U2 HUMAN [Homo sapiens (Human)] cDNA FLJ14260 fis, clone PLACE1001118, weakly similar to ZINC FINGER
PROTEIN 135 (262 residues)

—

Show all sequences with this architecture.

PSI-Blast



AvTaTtro00TIKO Blast
(Best reciprocal blast hit)



AvTatrodoTiké Blast

AvTatTo00TIKO Blast (1)

» ['pnyopn pEBOdOG evToTTiIopoU 0pBSAOYWY YOVIQIWV/TTPWTEIVWV YETAGU
QU0 YeEVWHATWYV (TT.X. MOAIGC aAAnAouxnOnke Eva yEvwua).

« Tarti eival onuavtiké va Bpoupe To cwaoTd 0pOSAOYO;

— OpBoAoya auvrnBwcg £xouv Tnv idla AsiIToupyia
— [MapdAoya ocuvrBwc atroKAEIVOUV OTIC AEITOUPYIEC TOUG

B ) N [ N e e

B ) O N e

L]




AvTatTo00oTIKO Blast

f
first blast
database
query sequences mouse_genome
human_genome
—
—/
—
—
—/
—/
human_genome mouse_genome
N — .
—/ —— T
- > .
N — .
. — s
CC —— =
| —

AvTatrodoTiké Blast



AvTatTo00TIKO Blast

( second blast
database

Query sequences human_genome

mouse_genome

—

—

| —

—

| e—

—

1

mouse_genome human_genome

] —> [
| — e i S
. > e
] —— [
N —> e
S - e
—

AvTatrodoTiké Blast



AvTatrodoTiké Blast

Avtatodortiké Blast (1V)

4 best reciprocal blast hit A

mouse_genome human_genome




AvTatrodoTikoé Blas

Avtatrodortiké Blast (V)

EKTETAUEVOC YOVIOIOKOC OITTAQCIAOUOC

/ best reciprocal blast hit \
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(- ]
H. sapiens M. musculus
common ancestor
o

AvTatrodoTiké Blast

AvTaTTod0TIKO Blast (Vi)

4 @\\ “
] [ .
H. sapiens M. musculus
[ . Divergence
B e Duplication
a t
. ] common ancestor |




Avtatodortiké Blast (Vi

AvTatrodoTiké Blast

4 N mistake A
. mm X0 e (-
H. sapiens M. musculus H. sapiens M. musculus
[ . Divergence [ . Divergence
Bl e Duplication | I | Duplication
1 common ancestor 1 common ancestor
o AN J

[Mw¢ uTtTopEi va evToTTIoTEN TO AABOC;



AvTaTTod0TIKO Blast (Vil

H. sapiens

Duplication [l IR

\

M. musculus

common ancestor

AvTatrodoTiké Blast

)

é mistake )
[ Ju 1
H. sapiens M. musculus
Divergence [l I
Duplication | I
[ | common ancestor




AvTatrodoTiké Blast

[TapaueTPOI TTOU €TTNPEACOUV TNV EUPEDN
0pBOoAoywV pe avTaTtrodoTIKO blast (i)

*  Kuplotepol TTAPAPETPOI TTOU £TTNPEACOUV TNV UPEDT 0POOAOYWV
— Eidog @IATpapiopatog repIoxwy XapnAng TToOAUTTAOKOTNTAG
« Soft filtering (QIATpGpIOUO POVO OTAV PAcn avalATnong, Ol 0TV @aon
TENIKNG oToixiong) (default option)
« Hard filtering (@IATpapicua Kai 0TI dUO QPACEIC)
* O aAyopIOuUOC TTOU KAVEI TNV TEAIKI OTOIXION
— Blast (words pe etmréktaon) (default)
— Smith-Waterman

ORIGINAL PAPER  &iictossiioniommescsomsss

Sequence analysis

Choosing BLAST options for better detection of orthologs

as reciprocal best hits
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AvTatrodoTiké Blast

[TapaueTpol TTou eTTNEEAlOUV TNV
eupeon opBOAOYWYV PE AVTATTOOOTIKO
blast (ii)

EmAeypévo opio TiunG E (E-value threshold) ) TipAg bit-score

KatwTato Oplo TToo00TOU TNG aKOAOUBIAG TTOU CUUMETEXEI OTNV
aToixlon.

KatwTato oplo TToo000TOU OUOIOTNTAG

AIOQOPETIKEC TIMEC YIO TNV KABE avAAuon

[1.x. BioCyc: 10% identity, 40% similarity, E-value<1

To blast dev dnuIoupyRBNKE yia va PJETPAEI TNV ECEAIKTIKI)
arréoTaon dUo akoAouBiwv, aAAd yia va Bpiokel ypriyopa
OMOAOYEC OKOAOUBIEC



AvTatrodoTiké Blast

[TNnyEC AaBwyv yia avTaTtrodoTIKO
blast

ExTeETAPEVOC YOVIOIOKOG DITTAACIACHOC TTOU GUVERN TTPOC(PATA.
[ovIdIaKr ouvTn¢n

ExTeTapéveS avadiaTtACEIC TNG APXITEKTOVIKAC TWV TTPWTEIVWV
(domain rearrangements)

— Avaouvduaouog TTou odnyei otnv €10d0xn BN opJoAoyou domain

O gival BewpnTIKWC duvaTtov va cuupei, HAAAov €xel oupupei KaTTOU!



XpnoligoTtroliwvTtacg 1o Blast



To Blast oTnv rpdén

XpnoiyotroiwvTac 1o Blast (i)

« ETme¢nynoeic oto ouvOEOO:
— http://'www.ncbi.nlm.nih.gov/BLAST/blastcgihelp.shtml

« Eioayoupe Tnv akoAouBia

blastn | blastp | blastx | tblastn | tblastx

BLASTP programs search protein databases using a protein query. more...
Enter Query Sequence — - _—

Enter accession number, gi, or FASTA sequence & Clear Query subrange &
>sp|P03372-2|ESRI_HUMAN m From
MTMTLHTKASCGMALLHQIQGNELEPLNRPQLKIPLERPLGEVYLDSSKPAVYNYPECAAY
EFNAAAAANAQVYCQTGLPYGPGSEAAAFGSNGLGGFPPLNSVSPSPLMLLHPPPQLSPF
LQPHGQQVPYYLENEPSCYTVREAGPPAFYRPNSDNRRQCGRERLASTNDKGSMAMESAK
ETRYCAVCNDYASCYHYGVWSCEGCKAFFKRSIQGHNDYMCPATNQCTIDKNRRKSCQAC

A

To

Enter coordinates for a subrange of the query
sequence. The BLAST search will apply only to the
residues in the range. Sequence coordinates are
from 1 to the sequence length.The range includes
the residue at the To coordinate. more...

Or, upload file
Job Title

(Choose File\‘ no file selected

sp|P03372-2|ESR1_HUMAN

Enter a descriptive title for your BLAST search &)
"1 Align two or more sequences &)

€




To Blast otnv Tpdén

XpnoluotrolwvTtag 1o Blast (il

EmA£yovTag:
— Tn Pacn dedouévwy TTou Ba yivel n avalntnon
— Tov opyavioud 1T0U Ba Yivel n avalrntnon

Choose Search Set

Database - -
Swissprot protein sequences{swissprot) T} =/

Organism -
opﬂom, Drosophila melanogaster "1 Exclude T

Enter organism common name, binomial, or tax id. Only 20 top taxa will be shown. &
Exclude _ Models (XM/XP) _! Uncultured/environmental sample sequences
Optional
Entrez Query
Optional

Enter an Entrez query to limit search &

Program Selection

Algorithm @ blastp (protein-protein BLAST)
T) PSI-BLAST (Position-Specific Iterated BLAST)
7) PHI-BLAST (Pattern Hit Initiated BLAST)
Choose a BLAST algorithm &



To Blast otnv Tpdén

NoIJoTTOIWVTAC TO Blast (iil

MapdueTpol Tou aAyoépiBuou
Expect threshold: avaloya e 10 11 avalnToupue

¥ Algorithm parameters Note: Parameter values that differ from the default are highlighted in yellow and marked with ¢ sign

General Parameters

Max target 50 =
sequences —

Select the maximum number of aligned sequences to display &
Short queries ™ Automatically adjust parameters for short input sequences ©
Expect threshold 10 >
Word size 38

Max matches in a 0
query range

Scoring Parameters

Matrix 'BLOSUME2 | 3] ©

Gap Costs Existence: 11 Extension: 1 3 o
Co.mpositional Conditional compositional score matrix adjustment ﬂ o
adjustments

Filters and Masking

Filter ™ Low complexity regions &
Mask 1 Mask for lookup table only &
—_ Mask lower case letters &
BLAST Search database Swissprot protein sequences(swissprot) using Blastp protein-protein BLAST

__! Show results in a new window



To Blast oTnv rpdén

XpnoiyotrolwvTtag 1o Blast (iv

* AmoteAéopaTta yia ouvtnpnuéveg eTTIKPATEIEC (conserved domains)

-

@ Your search is limited to records matching entrez query: Drosophila melanogaster [ORGN].

Edit and Resubmit Save Search Strategies > Formatting options > Download

sp|P03372|ESR1_HUMAN Estrogen receptor OS=Homo...

Query ID Icl|47129 Database Name swissprot
Description sp|P03372|ESR1_HUMAN Estrogen receptor OS=Homo sapiens Description Non-redundant SwissProt sequences
GN=ESR1 PE=1 SV=2 Program BLASTP 2.2.24+ P Citation

Molecule type amino acid
Query Length 595

Other reports: >Search Summary [Taxonomy reports] [Distance tree of results] [Multiple alignment]

¥ Graphic Summary

¥ Show Conserved Domains

Putative conserved domains have been detected, click on the image below for detailed results.

1 100 200 300 400 S00 595
Query seq, — ‘
zinc binding site Af A% 44 M ligand binding site 4 Y Y
DNA binding site J Ay Mg coactivator recognition site 44 O Foy
dimer interface Jpdy dimer interface ) | 00 L]

Specific hits

NR_LBD_ER
NR_LBD superfamily

Superfanilies Oest_recep superfanily

R_DED_like super




To Blast otnv Tpdén

XpnoiyotroiwvTac 1o Blast (v)

OudadeC GUVTNPONUEVWY ETTIKOATEIWY

Query seq,

Specific hits

Non-specific
hits

Superfanilies

200 300 400 500
zinc binding site A V ' ligand binding site J0§ bk ‘B
DNA binding site 14 AWy My coactivator recognition site by Oy FLy
dimer interface Jhdy dimer interface 0 404 Sy
NR_LBD_ER
Oest_recep mjwimuhl NR_LBD_ER_like
NR_DBD_like NR_LBD_ERR
NR_DBD_ERR NR_LBD_F2
NR_DED_HNF4A : NR_LBD
NR_DBD_VDR_1ike NR_LBD_RXR_like
mﬁmjwpsl NR_LBD_PR
NR_DBD_GR_PR ‘ NR_LBD_GR_L ike
NR_DBD_PNR_1ike_ NR_LBD_GR
NR_DBD_RAR ' NR_LBD_MR
NR_DBD_GR_1ike NR_LBD_Nurri_like
NR_DBD_TLX NR_LBD_AR
NR_DBD_AR NR_LBD_Ftz-F1_like
NR_DBD_TR NR_LBD_NGFI-B
NR_DBO_Lrh-1_1 NR_LBD_HNF4_like
NR_DBD_TR2_1ik NR_LBD_DHR4_like
NR_DBD_EcR_like NR_LBD_T1x_PNR_like
NR_DED_PNR_Like | NR_LBD_Nurril
NR_DBO_COUP_TF NR_LBD_Lrh-1
NR_DBD_DrE75_1 NR_LBD_SF-1
NR_DBD_DHR4_like NR_LBD_RAR
NR_DBD_RXR NR_LBD_COUP-TF
NR_DBO_PNR_1ik NR_LBD_F1
NR_DBD_GCNF_1ik NR_LBD_VDR
NR_DBD_Prar_like NR_LBD_DHR38_1ike
NR_DBD_LXR NR_LBD_LXR
NR_DBD_ROR Hormone_recep
NR_DBD_CAR HOLI
NR_DBD_REV_ERE NR_LBD_DrE7S
NR_DBD_PXR NR_LBD_REV_ERB
NR_DBD_VDR NR_LBD_T
NR_DBO_EcR NR_LBD_PPAR
20BD_NR_DBD1 NR_LE
20BD_NR_DBD2
NR_DBD_FXR
NR_DED_PNR
NR_DBD_Ppar
zf-C4
ZnF_C4
NR_DBD_like super NR_LBD superfamily




To Blast oTnv rpdén

XpnoiyotroiwvTac 1o Blast (vi)

* [pdenua Twv KaAUTEPWYV OTOIXIOEWV

Distribution of 20 Blast Hits on the Query Sequence &

'Mouse over to see the defiine, click to show alignments |

Color key for alignment scores
<40 40-50 80-200 >=200
Query I ——————————————————,
I I | I |

|
1 100 200 300 400 500




To Blast oTnv rpdén

XpnoiyotrolwvTtag 1o Blast (vil

o [leplypa@Eég TV ATTOTEAEOUATWY (ME QIATPO)

¥ Descriptions
Legend for links to other resources: Y] uniGene I3 cEO E Gene E Structure M| Map Viewer B4 pubChem BioAssay

Sequences producing significant alignments:

Accession I Description I Max score I Total score | uery coverage I_ E value I Links |
P16376.3 RecName: Full=Steroid receptor seven-up, isoform A; AltNam¢ 124 124 46% 2e-29 E
P16375.1 RecName: Full=Steroid receptor seven-up, isoforms B/C; AltN; 124 124 49% 3e-29 E
P49866.2 RecName: Full=Transcription factor HNF-4 homolog; Short=dH 117 117 50% 3e-27 E
P49869.3 RecName: Full=Probable nuclear hormone receptor HR38; Sho 117 117 61% 3e-27
P20153.1 RecName: Full=Protein ultraspiracle; AltName: Full=Chorion f 113 113 46% 6e-26 E
P34021.1 RecName: Full=Ecdysone receptor; AltName: Full=20-hydroxy 105 105 67% 2e-23 m
P18102.1 RecName: Full=Protein tailless; AltName: Full=Nuclear recept( 91.3 91.3 10% 2e-19 E
P13055.2 RecName: Full=Ecdysone-induced protein 75B, isoform B; AltN 80.1 90.1 45% 6e-19 B
P17671.2 RecName: Full=Ecdysone-induced protein 75B, isoforms C/D; / 89.7 89.7 45% 8e-19 E
P33244.2 RecName: Full=Nuclear hormone receptor FTZ-F1; AltName: F 88.2 88.2 10% 2e-18 E
Q9W539.4 RecName: Full=Hormone receptor 4; Short=dHR4; AltName: F 86.7 86.7 10% 7e-18 E
P31396.1 RecName: Full=Probable nuclear hormone receptor HR3; Shori 85.5 85.5 13% le-17 E
P45447.3 RecName: Full=Ecdysone-induced protein 78C; Short=DR-78; , 84.0 84.0 10% S5e-17
024142.2 RecName: Full=Nuclear hormone receptor HR78; Short=dHR7¢ 82.0 82.0 10% 2e-16 E
005192.3 RecName: Full=Nuclear hormone receptor FTZ-F1 beta; AltNar 81.3 149 34% 2e-16 E
P10734.1 RecName: Full=Zygotic gap protein knirps; AltName: Full=Nuc 77.4 77.4 10% 4e-15 E
Q24143.1 RecName: Full=Nuclear hormone receptor HR96; Short=dHR9¢ 76.3 76.3 11% Se-15 E
P13054.1 RecName: Full=Knirps-related protein; AltName: Full=Nuclear 73.8 73.9 11% Se-14 E
P15370.2 RecName: Full=Protein embryonic gonad; AltName: Full=Nucle 70.5 70.5 11% 4e-13 B




XpnoiuotrolwvTtacg 1o Blast (viil

2.TOIXIOEIC (ME QIATPO - HIKPA YPANUATA)
|dentities (e1Ti TOU APIBUOU BEoEwV OTN OTOIXION)
Positives (e1Ti TOU apIBpoU BEcewy OTN OTOIXION)

To Blast otnv Tpdén

> lsp|P16376.3| 7UP2 DROME E RecName: Full=Steroid receptor seven-up, isoform A; AltName:

Full=Nuclear receptor subfamily 2 group F member 3, isoform

A

Length=

GENE ID: 41491 svp | seven up [Drosophila melanogaster] (Over 100 PubMed links)

746

Score =

Identities
Query 179
Sbjct 194
Query 239
Sbjct 254
Query 299
Sbjct 300
Query 357
Sbjct 352
Query 416

Sbijct

412

124 bits (312),

ARETRYCAVCNDYASCYHYGVWSCEGCRKAFFRKRSIQGHNDYMCPATNQCTIDENRRKSCQ
+K+ C VC D +8G HYG ++CEGCK+FFKRS++ + Y C + C ID++ R CQ
SKONIECVVCGDKSSCRKHYGOFTCEGCKSFFRRSVRRNLTYSCRGSRNCPIDQHHRNQCQ

ACRLRKCYEVgmmkggirkdrrggrmLKHKRQRDDGEGRGEVGSAGDMRAANLWPSPLMI
CRL+KC ++CGM + + +R R G G G + AN P+ I
YCRLKKCLKMGMRREAV == wm e m - — - - - QRGRVPPTQPCLACMHCGQYQIAN~~GDPMGI
KRSKEKNSLALSLTADOMVSALLDAEPPILYSEYDPTRPFSEASMMCGL~~LTNLADRELVH
+5 S +5 LL AEP Y + ++MG+ + LA R L
AGFNCHSYLSSY===== ISLLLRAEP=-~~YPTSRYGQCMOPNNIMGIDNICELAARLLFS

MINWAKRVPCGEFVDLTLHDOQVHLLECAWLEILMICGLVWRSME ~-HPCGKLLFAPNLLLDRNQG
+ WAK +P F +L + DQV LL W E+ ++ SM H LLA L
AVEWARKNIPFFPELQVTDOVALLRLVWSELFVLNASQCSMPLHVAPLLAAAGLHASPMAA

KCVECMVEIFDMLLATSSRFRMMNLOGEEFVCLKSIILLNSG 457
Vo o+ 4 + 4+ 444+  E+ CLK+I+L +G
DRVVAFMDHIRIFQEQVEKLKALHVDSAEYSCLKAIVLFTTG 453

Expect = 2e-29, Method: Compositional matrix adjust.
= 87/282 (31%), Positives = 133/282 (48%), Gaps = 25/282 (8%)

238

411



To Blast oTnv rpdén

XpnoiyotroiwvTtac 1o Blast (ix)

XWPIC PIATPO UE QIATPO

Distribution of 20 Blast Hits on the Query Sequence &

[Mouse over to see the defline, click to show alignments

l

[Mouse-over to show defline and scores, click to show alignments
Color key for alignment scores Color key for alignment scores
<40 40-50 80-200 >=200
. ________________|
| | | | |
1 100 200 300 400 500

H xpnon @iAtpou aAAalel 1o score
|dentities/Positives otaBepd



To Blast oTnv rpdén

XpnoiyotrolwvTtag 1o Blast (x

Xwpic QiATpo

Sequences producing significant alignments:

Accession | Description | Max score Total score [ Query coverage I_ E value | Links |

P49869.3 RecName: Full=Probable nuclear hormone receptor HR38; Sho 144 144 61% 2e-35

P16375.1 RecName: Full=Steroid receptor seven-up, isoforms B/C; AltNi 144 144 61% 3e-35 E
P49866.2 RecName: Full=Transcription factor HNF-4 homolog; Short=dH 144 144 66% 3e-35 E
P16376.3 RecName: Full=Steroid receptor seven-up, isoform A; AltNam¢ 132 132 46% le-31 E
P34021.1 RecName: Full=Ecdysone receptor; AltName: Full=20-hydroxy 121 121 67% 2e-28 Eﬂ
P18102.1 RecName: Full=Protein tailless; AltName: Full=Nuclear receptt 121 121 45% 2e-28 E
P13055.2 RecName: Full=Ecdysone-induced protein 75B, isoform B; AltN 110 110 61% 6e-25 E
P17671.2 RecName: Full=Ecdysone-induced protein 75B, isoforms C/D; / 110 110 64% 6e-25 E
P33244.2 RecName: Full=Nuclear hormone receptor FTZ-F1; AltName: F 103 171 49% 4e-23 E
P20153.1 RecName: Full=Protein ultraspiracle; AltName: Full=Chorion fe 101 101 57% 3e-22 E
QSW539.4 RecName: Full=Hormone receptor 4; Short=dHR4; AltName: F 100 100 13% 5e-22 E
P31396.1 RecName: Full=Probable nuclear hormone receptor HR3; Shori 89.8 99.8 15% 7e-22 E
005192.3 RecName: Full=Nuclear hormone receptor FTZ-F1 beta; AltNar 96.7 166 47% 6e-21 E
P45447.3 RecName: Full=Ecdysone-induced protein 78C; Short=DR-78; , 93.2 93.2 14% 7e-20

P10734.1 RecName: Full=Zygotic gap protein knirps; AltName: Full=Nuc 93.2 93.2 12% 7e-20 E
024142.2 RecName: Full=Nuclear hormone receptor HR78; Short=dHR7¢ 89.0 89.0 12% le-18 E
P13054.1 RecName: Full=Knirps-related protein; AltName: Full=Nuclear 86.7 86.7 13% 7e-18 E
P15370.2 RecName: Full=Protein embryonic gonad; AltName: Full=Nucle 83.6 83.6 13% 6e-17 E
024143.1 RecName: Full=Nuclear hormone receptor HR96; Short=dHR9¢ 82.0 82.0 14% 2e-16 E
P17672.2 RecName: Full=Ecdysone-induced protein 75B, isoform A; Sho 68.9 68.9 58% 2e-12 E

Me @iATpo
¥ Descriptions
Legend for links to other resources: Y] uniGene I3 cEO E Gene E Structure II] Map Viewer ﬂ PubChem BioAssay

Sequences producing significant alignments:

Accession l Description l Max score I Total score I Query coverage l _ E value I Links |
P16376.3 RecName: Full=Steroid receptor seven-up, isoform A; AltNam¢ 124 124 46% 2e-29 E
P16375.1 RecName: Full=Steroid receptor seven-up, isoforms B/C; AltNi 124 124 49% 3e-29 E
P49866.2 RecName: Full=Transcription factor HNF-4 homolog; Short=dH 117 117 50% 3e-27 E
P49869.3 RecName: Full=Probable nuclear hormone receptor HR38; Sho 117 117 61% 3e-27

AAAGCel To score, E-value kal n ogipd epeaviong



XpnoiyoTtroliwvTac 1o Blast (xi

Xwpic @iATpo

> lsp|P16376.3| 7UP2 DROME IEi RecName: Full=Steroid receptor seven-up, isoform A; AltName:

Full=Nuclear receptor subfamily 2 group F member 3, isoform

A

Length=

GENE ID: 41491 svp | seven up [Drosophila melanogaster] (Over 100 PubMed links)

746

Score

Query
Sbijct
Query
Sbijct
Query
Sbijct
Query
Sbijct
Query
Sbict

179
194
239
254
299
300
357
352
416
412

132 bits (331),

ARKETRYCAVCNDYASGYHYGVWSCEGCKAFFKRSIQGHNDYMCPATNQCTIDKNRRKSCQ
+K+ C VC D +SG HYG ++CEGCK+FFKRS++ + Y C + C ID++ R CQ
SKONIECVVCGDKSSCGKHYGOFTCEGCKSFFRKRSVRRNLTYSCRGSRNCPIDQHHRNQCQ

ACRLRRKCYEVCGMMKGGIRKDRRGGRMLKHKRQRDDGEGRGEVGSAGDMRAANLWPSPLMI

CRL+KC ++4+CGM + + +R R G G G + AN P+ I
YCRLKKCLKMGMRREAV == === e e QRGRVPPTQPCLAGMHGQYQIAN~~GDPMGI
KRSKKNSLALSLTADOMVSALLDAEPPILYSEYDPTRPFSEASMMGL~~LTNLADRELVH

+5 S +5 LL AEP Y + ++MG+ + LA R L
AGFNGHSYLSSY===== ISLLLRAEP-~~YPTSRYGOCMOPNNIMGIDNICELAARLLFS

MINWAKRVPGFVDLTLHDQVHLLECAWLEILMICGLVWRSME~-HPGKLLFAPNLLLDRNQG
+ WAK +P F +L + DQV LL W E+ ++ SM H LLA L
AVEWARNIPFFPELQVTDOVALLRLVWSELFVLNASQCSMPLHVAPLLAAAGLHASPMAR

KCVEGMVEIFDMLLATSSRFRMMNLQGEEFVCLKSIILLNSG 457
Voo 4 + 4+ 444 E+ CLK+I+L 4G
DRVVAFMDHIRIFQEQVEKLKALHVDSAEYSCLKAIVLFTTG 453

Me @iATpo

GENE ID: 41491 svp | seven up [Drosophila melanogaster] (Over 100 PubMed links)

Score

124 bits (312), Expect = 2e-29, Method: Compositional matrix adjust.

Expect = le-31, Method: Compositional matrix adjust.
Identities = 87/282 (31%), Positives = 133/282 (48%), Gaps = 25/282 (8%)

238
253
298
299
356
351
415
411

Identities = 87/282 (31%), Positives = 133/282 (48%), Gaps = 25/282 (8%)

|dentities & positives TTapauévouv otaBepd

To Blast oTnv rpdén



To Blast oTnv rpdén

XpnoiyotroiwvTtag 1o Blast (xi)

* AMN\ayn oTov lNivaka avTikatdotaong Kal OTIG TTOIVEG YIA KEVA
— Blosum 45 13:3, xwpig @iATpo

Sequences producing significant alignments:

Accession Description | Max score Total score | Query coverage | __ Evalue | Links |

P49869.3 RecName: Full=Probable nuclear hormone receptor HR38; Sho 146 146 61% 6e-36

P16375.1 RecName: Full=Steroid receptor seven-up, isoforms B/C; AltNi 145 145 61% le-35 E
P49866.2 RecName: Full=Transcription factor HNF-4 homolog; Short=dH 139 139 66% S5e-34 E
P16376.3 RecName: Full=Steroid receptor seven-up, isoform A; AltNams 138 138 46% 2e-33 E
P34021.1 RecName: Full=Ecdysone receptor; AltName: Full=20-hydroxy 116 116 67% 8e-27 E!:i
P17671.2 RecName: Full=Ecdysone-induced protein 75B, isoforms C/D; 112 112 61% 7e-26 E
P13055.2 RecName: Full=Ecdysone-induced protein 75B, isoform B; AltN 112 112 47% le-25 E
P33244.2 RecName: Full=Nuclear hormone receptor FTZ-F1; AltName: F 110 177 49% 3e-25 E
P18102.1 RecName: Full=Protein tailless; AltName: Full=Nuclear receptt 108 108 16% le-24 E
QSW539.4 RecName: Full=Hormone receptor 4; Short=dHR4; AltName: F 108 108 13% 2e-24 E
P31396.1 RecName: Full=Probable nuclear hormone receptor HR3; Shori 108 108 18% 2e-24 E
005192.3 RecName: Full=Nuclear hormone receptor FTZ-F1 beta; AltNar 102 172 37% le-22 E
P10734.1 RecName: Full=Zygotic gap protein knirps; AltName: Full=Nuc 99.8 99.8 13% 7e-22 E
P45447.3 RecName: Full=Ecdysone-induced protein 78C; Short=DR-78; . 99.5 99.5 12% Se-22

024142.2 RecName: Full=Nuclear hormone receptor HR78; Short=dHR7¢ 96.3 96.3 13% 7e-21 E
P13054.1 RecName: Full=Knirps-related protein; AltName: Full=Nuclear 94.8 94.8 13% 2e-20 E
P15370.2 RecName: Full=Protein embryonic gonad; AltName: Full=Nucle 90.7 90.7 14% 3e-19 E
024143.1 RecName: Full=Nuclear hormone receptor HR96; Short=dHR9¢ 89.5 89.5 12% %e-19 E
P17672.2 RecName: Full=Ecdysone-induced protein 75B, isoform A; Sho 67.3 67.3 55% 4e-12 E
P20153.1 RecName: Full=Protein ultraspiracle; AltName: Full=Chorion fz 65.2 65.2 31% 2e-11 E

Blosum 62 11:1, xwpic @iATpo

Sequences producing significant alignments:

Accession Description | Max score | Total score I Query coverage | _ E value | Links |
P49869.3 RecName: Full=Probable nuclear hormone receptor HR38; Sho 144 144 61% 2e-35
P16375.1 RecName: Full=Steroid receptor seven-up, isoforms B/C; AltNi 144 144 61% 3e-35 E
P49866.2 RecName: Full=Transcription factor HNF-4 homolog; Short=dH 144 144 66% 3e-35 E
P16376.3 RecName: Full=Steroid receptor seven-up, isoform A; AltName 132 132 46% le-31 E
P34021.1 RecName: Full=Ecdysone receptor; AltName: Full=20-hydroxy 121 121 67% 2e-28 E__;ﬁ



To Blast oTnv rpdén

XpnoiyotrolwvTtag 1o Blast (xii

Blosum 45 13:3

> sp|P16376.3| 7UP2 DROME [Ei RecName: Full=Steroid receptor seven-up, isoform A
Full=Nuclear receptor subfamily 2 group F member 3, isoform

A

Length=746

GENE ID: 41491 svp | seven up [Drosophila melanogaster] (Over 100 PubMed links

Score = 138 bits (456), Expect = 2e-33, Method: Compositional matrix adjust.
Identities = 87/282 (31%), Positives = 137/282 (49%), Gaps = 25/282 (8%)
Query 179 AKETRYCAVCNDYASGYHYGVWSCEGCKAFFKRSIQGHNDYMCPATNQCTIDKNRRKSCQ 238
+K+ C VC D +SG HYG ++CEGCK+FFKRS++ + Y C + C ID++ R CQ
Sbjct 194 SKONIECVVCGDKSSGKHYGQFTCEGCKSFFKRSVRRNLTYSCRGSRNCPIDQHHRNQCQ 253
Query 239 ACRLRKCYEVGMMKGGIRKDRRGGRMLKHKRQRDDGEGRGEVGSAGDMRAANLWPSPLMI 298
CRL+KC ++CGM + + +R R G G G + AN P+ I
Sbjct 254 YCRLKKCLKMGMRREAV = m oo QRGRVPPTQPGLAGMHGQYQIAN~~GDPMGI 299
Query 299 KRSKKNSLALSLTADQMVSALLDAEPPILYSEYDPTRPFSEASMMGL-~LTNLADRELVH 356
+5 S +S LL AEP Y + ++MG+ + LA RL
Sbjct 300 AGFNGHSYLSS=w=w=== YISLLLRAEP~~~YPTSRYGQCMOPNNIMGIDNICELAARLLFS 351
Query 357 MINWAKRVPGFVDLTLHDQVHLLECAWLEILMIGLVWRSME-HPGKLLFAPNLLLDRNQG 415
+ WAK 4P F +L + DQV LL W E+++4 SM H LLA L
Sbjct 352 AVEWAKNIPFFPELQVTDQVALLRLVWSELFVLNASQCSMPLHVAPLLAAAGLHASPMAA 411
Query 416 KCVEGMVEIFDMLLATSSRFRMMNLQGEEFVCLKSIILLNSG 457
v s s 44 44 E+ CLK+I+L+ +G
Sbjct 412 DRVVAFMDHIRIFQEQVEKLKALHVDSAEYSCLKAIVLFTTG 453

Blosum 62 11:1

> )sp|P16376.3| 7UP2 DROME IEi RecName: Full=Steroid receptor seven-up, isoform A;
Full=Nuclear receptor subfamily 2 group F member 3, isoform

A

Length=746

GENE ID: 41491 svp | seven up [Drosophila melanogaster] (Over 100 PubMed links)

Score = 132 bits (331), Expect = le-31, Method: Compositional matrix adjust.
Identities = 87/282 (31%), Positives = 133/282 (48%), Gaps = 25/282 (8%)
Query 179 AKETRYCAVCNDYASGYHYGVWSCEGCKAFFKRSIQGHNDYMCPATNQCTIDKNRRKSCQ 238
+K+ C VC D +SC HYG ++CEGCK+FFKRS++ + Y C + C ID++ R CQ
Sbjct 194 SKONIECVVCGDKSSGKHYGQFTCEGCKSFFKRSVRRNLTYSCRGSRNCPIDQHHRNQCQ 253
Query 239 ACRLRKCYEVGMMKGGIRKDRRGGRMLKHKRQRDDGEGRGEVGSAGDMRAANLWPSPLMI 298
CRL+KC ++CGM + + +R R G G G + AN P+ I
Sbjct 254 YCRLKKCLKMGMRREAV==m o mmmmm—w QRGRVPPTQPGLAGMHGQYQIAN~-~GDPMGI 299
Query 299 KRSKKNSLALSLTADQMVSALLDAEPPILYSEYDPTRPFSEASMMGL-~LTNLADRELVH 356
+S S +S LL AEP Y + ++MG+ + LA R L
Sbjct 300 AGFNGHSYLSSY==w=== ISLLLRAEP~~~YPTSRYGQCMOPNNIMGIDNICELAARLLFS 351
Query 357 MINWAKRVPGFVDLTLHDQVHLLECAWLEILMIGLVWRSME-HPGKLLFAPNLLLDRNQG 415
+ WAK +P F +L + DQV LL W E+ ++ SM H LLA L
Sbjct 352 AVEWAKNIPFFPELQVTDQVALLRLVWSELFVLNASQCSMPLHVAPLLAAAGLHASPMAA 411
Query 416 KCVEGMVEIFDMLLATSSRFRMMNLQGEEFVCLKSIILLNSG 457
Vo 4+ i 4+ 4 44+  E+ CLK+I+L +G
Sbjct 412 DRVVAFMDHIRIFQEQVEKLKALHVDSAEYSCLKAIVLFTTG 453

Mikpéc dla®opEC oTn oToixion, oTo score & E-value



To Blast otnv Tpdén

XpnoiyotrolwvTtag 1o Blast (xili)

* Avyia 10 id10 yovidio ( ESR1_Human) xpnoipotroiovocape To mRNA
Tou (X03635.1 Homo sapiens mRNA for estrogen receptor a) kai ox
TNV TTPWTEIVN yia TNV avadlritnon otnv Drosophila:

— Blastn (nr database): kavévag otoxoc. Nari;
— o6 mpoypapua Tou Blast Ba £TTpeTTe va XpnOIMOTTOINOOUUE;

@ Your search is limited to records matching entrez query: Drosophila melanogaster [ORGN].

Edit and Resubmit Save Search Strategies > Formatting options  »Download

ESR1_mRNA _human

Query ID Icl|45497 Database Name nr
Description ESR1_mRNA_human Description All GenBank+EMBL+DDBJ+PDB sequences (but no EST, STS,
Molecule type nucleic acid GSS,environmental samples or phase 0, 1 or 2 HTGS sequences)
Query Length 6450 Program BLASTN 2.2.24+ P Citation

@ No significant similarity found. For reasons why,click here

Other reports: »>Search Summary

Search Parameters

vPngram blastn
v'\N'Drd size 11
Expect value 1e-05
Hitlist size 100
Match/Mismatch scores 2,-3
bGapcosts T

» Low Complexity Filter Ye
.Fx]tv:r string L;m;
.Gn:-n-:tic Code 1



First Letter

* EK@UAIOUOC TOU YEVETIKOU KWOIKA
* AMUIVOCEQ PE KOIVEC PUOIKOXNMIKEG IDIOTNTEC

Second Letter

T 3F c 3F ~ 3F c 3

TCT TAT
TTC } Phe f ycc o
TTA } Leu | TCA
TG TCG
CTT ccT CAT
CTC cce
cta (U || cca (P
CTG CCG CAG
ATT ACT AAT
ATC}ue ACC Thr
ATA ACA AAA
atG Met || aca
GTT GCT GAT
GTC GCC
GTA (V8 |l gca rA2 || Gaa
GTG GC GAG

TAA Stop

TGC} Cys

TGA Stop
TGG Trp

CGT
Arg
CGG

Gly

IEEEEEEEEE EEEEE RECER

BRa7 pPaYL

Cys

Amino ackl composition

|||IIII|U|D|

o - (SN fy S ) S S—

leu Al Gl Val Glu Ser le

Lys Ag Asp Thr Pro Asn Gin Phe Tyr Met He GCys Tip

SR 1L A Bl ta e | tedigi iwdi- | Enl g M=l Ll L) | Ke!

s jTiPiAiG




To Blast oTnv rpdén

XpnoiyotrolwvTtag 1o Blast (xiv

Distribution of 87 Blast Hits on the Query Sequence &

|Mouse over to see the defline, click to show alignments |

Color key for alignment scores

40-50
’ Queny] | ] I ] I |
Na 1o idI0 MRNA 1 1000 2000 3000 4000 5000 6000

— Blastx (nr database)

<4

o

ki

Sequences producing significant alignments:

Accession I Description I Max score Total score | Query coverage | _ E value Max ident | Links |
NP_7259340.1 estrogen-related receptor, isoform A [Drosophila melanogas 198 198 17% 5e-50 31% m
NP_648183.3 estrogen-related receptor, isoform B [Drosophila melanogas 198 198 17% 5e-50 31% EE
CAA36827.1 unnamed protein product [Drosophila melanogaster] 154 154 18% le-36 26%
NP_476781.1 ultraspiracle [Drosophila melanogaster] >sp|P20153.1|USP_ 151 151 18% 7e-36 25% EE
NP_524325.1 seven up, isoform B [Drosophila melanogaster] >sp|P16375 143 143 19% 3e-33 27% DE
ACS68165.1 FI04795p [Drosophila melanogaster] 140 140 19% 2e-32 25%
NP_001097126.1 hepatocyte nuclear factor 4, isoform D [Drosophila melanog 140 140 19% 2e-32 25% E
NP_723413.1 hepatocyte nuclear factor 4, isoform B [Drosophila melanog 140 140 19% 2e-32 25% m
NP_476887.2 hepatocyte nuclear factor 4, isoform A [Drosophila melanog 140 140 19% 2e-32 25% G
NP_723414.1 hepatocyte nuclear factor 4, isoform C [Drosophila melanog 140 140 19% 2e-32 25% EE
AAB09592.1 hepatocyte nuclear factor 4 homolog [Drosophila melanogas 139 139 18% 4e-32 26%

AAM76194.1 RE08410p [Drosophila melanogaster] 139 139 19% S5e-32 27%



To Blast oTnv rpdén

XpnoiyotroiwvTtag 1o PSI-Blast (i

blastn | blastp | blastx | tblastn | tblastx

BLASTP programs search protein databases using a protein query. more... Resetpage Bookmark
Enter Query Sequence — - —

Enter accession number, gi, or FASTA sequence & Clear Query subrange &

SKKNSLALSLTADQMVSALLDAEPPILYSEYDPTRPFSEASMMGLLTNLADRELVHMINW 2 From
AKRVPGFVDLTLHDQVHLLECAWLEILMIGLVWRSMEHPCKLLFAPNLLLDRNQGKCVEG m
MVEIFDMLLATSSRFRMMNLQGEEFVCLKSIILLNSGVYTFLSSTLKSLEEKDHIHRVLD B To
KITDTLIHLMAKAGLTLQQQHQRLAQLLLILSHIRHMSNKGMEHLYSMKCKNVVPLYDLL v

Or, upload file ( Choose File ) no file selected w

Job Title sp|P03372|ESR1_HUMAN Estrogen receptor 0S=Homo...
Enter a descriptive title for your BLAST search &

"1 Align two or more sequences &

Choose Search Set

Database
_ Swissprot protein sequences(swissprot) ﬂ ©
Organism - — — +
Optional Drosophila melanogaster (taxid:7227) 1 Exclude
Enter organism common name, binomial, or tax id. Only 20 top taxa will be shown. &)
Exclude 1 Models (XM/XP) ) Uncultured/environmental sample sequences
Optional
Entrez Query
Optional

Enter an Entrez query to limit search &)

Program Selection

Algorithm O blastp (protein-protein BLAST)
® PSI-BLAST (Position-Specific Iterated BLAST)
O PHI-BLAST (Pattern Hit Initiated BLAST)
Choose a BLAST algorithm &)

BLAST Search database Swissprot protein sequences(swissprot) using PSI-BLAST (Position-Specific Iterated BLAST)
' [ Show results in a new window

¥ Algorithm parameters Note: Parameter values that differ from the default are highlighted in yellow and marked with




To Blast otnv Tpdén

XpnoiyotroiwvTtacg 1o PSI-Blast (ii

¥ Algorithm parameters Note: Parameter values that differ from the default are highlighted in yellow and marked with ¢ sign

General Parameters

Max target 500 &
sequences : :

Select the maximum number of aligned sequences to display &
Short queries ™ Automatically adjust parameters for short input sequences ©
Expect threshold 105 o
Word size 30 ©

Max matches in a 0
query range

S

Scoring Parameters

Matrix BLOSUME2 | +) ©

Gap Costs Existence: 11 Extension: 1 T] 2)
Co.mpositional Conditional compositional score matrix adjustment ?] 2
adjustments

Filters and Masking

Filter ™ Low complexity regions &

Mask 1 Mask for lookup table only &
1 Mask lower case letters &

PSI/PHI BLAST

Upload PSSM { Choose File ) no file selected o)
Optional e
PSI-BLAST 1e-3 ?)
Threshold )
Pseudocount ) ?)
BLAST Search database Swissprot protein sequences(swissprot) using PSI-BLAST (Position-Specific Iterated BLAST)

] Show results in a new window



To Blast oTnv rpdén

XpnoiyotroiwvTtacg to PSI-Blast (il

» NCBI/ BLAST/ blastp suite/ Formatting Results - CX8ZUS47011

Query ID Icl|74714

Molecule type amino acid
Query Length 595

¥ Graphic Summary

¥ Show Conserved Domains

Query seq.

Specific hits
Superfanilies

Edit and Resubmit Save Search Strategies

Description sp|P03372|ESR1_HUMAN Estrogen receptor OS=Homo sapiens
GN=ESR1 PE=1 SV=2

> Formatting options > Download
PSI blast Iteration 1

sp|P03372|ESR1_HUMAN Estrogen receptor 0S=Homo...

Database Name swissprot
Description Non-redundant SwissProt sequences
Program BLASTP 2.2.24+ P Citation

Other reports: >Search Summary [Taxonomy reports] [Distance tree of results] [Multiple alignment

Putative conserved d ins have been di d, click on the image below for detailed results.
100 200 300 400 s00
zinc binding site A AL A4 M lisand binding site 4} Ad ™y
DNA binding site coactivator recognition site 4§ by bh

dimer interface By TR
NR_LBD_ER
NR_LBD superfamily

Distribution of 100 Blast Hits on the Query Sequence &

[Mouse over to see the defline, click to show alignments |

dimer interface JhRAYL

Oest_recep superfanily

IR_DED_like super

Color key for alignment scores

<40 40-50 80-200
|

Query
|




To Blast oTnv rpdén

Xpnoiyotroiwvtag 1o PSI-Blast (iv)

¥ Descriptions
Legend for links to other resources: "] uniGene [ ceo [E Gene E structure [ Map Viewer A pubChem BioAssay
NEW - alignment score below the threshold on the previous iteration

9 - alignment was checked on the previous iteration
Run PSI-Blast iteration 2 with max [500 |[Gol

¥ Sequences producing significant alignments with E-value BETTER than threshold

Accession | Description Max score | Total score | Query coverage | Evalue | Links |

NEW EP03372.2 RecName: Full=Estrogen receptor; Short=ER; AltName: Ful 1086 1086 100% 0.0 m
new  @053AD2.1  RecName: Full=Estrogen receptor; Short=ER; AltName: Ful 1006 1006 100% 0.0 E
New  @P49884.3  RecName: Full=Estrogen receptor; Short=ER; AltName: Ful 1003 1003 100% 0.0 ﬂlﬂ
New  @029040.1  RecName: Full=Estrogen receptor; Short=ER; AltName: Ful 1001 1001 100% 0.0 E
NEW 9TV98.1 RecName: Full=Estrogen receptor; Short=ER; AltName: Ful 977 977 100% 0.0 E
New  @P19785.1  RecName: Full=Estrogen receptor; Short=ER; AltName: Ful 967 967 100% 0.0 ﬂl}i
New  @P06211.1 RecName: Full=Estrogen receptor; Short=ER; AltName: Ful 944 944 100% 0.0 ﬂljj
New  @090775.1 RecName: Full=Estrogen receptor; Short=ER; AltName: Ful 941 941 100% 0.0

New  @P06212.1  RecName: Full=Estrogen receptor; Short=ER; AltName: Ful 860 860 98% 0.0 E
New  @091250.1 RecName: Full=Estrogen receptor; Short=ER; AltName: Ful 852 852 98% 0.0 E




To Blast otnv Tpdén

XpnoiyotroiwvTtacg 1o PSI-Blast (v)

* [lpdaivo o@aipidio yia akoAouBieg tTou eixav Bpedei oe
TTPONYOUUEVO YUPO avalnTnong.
*  Mrtropouue va €TTIAECOUME TOV ATTOKAEIOUO KATTOIWY aKOAOUBIWYV

@#016662.3 RecName: Full=Nuclear hormone receptor family member | 95.2 95.2 33% le-18 E

@#P41933.1  RecName: Full=Nuclear hormone receptor family member 93.7 93.7 21% 4e-18 G
New  @057568.1  RecName: Full=Thyroid hormone receptor alpha; AltName: 85.2 85.2 21% le-15
New  @017573.1  RecName: Full=Nuclear hormone receptor family member|  80.9 80.9 49% 2e-14 G
new  @P79404.1  RecName: Full=Mineralocorticoid receptor; Short=MR; AltN 80.6 80.6 19% 3e-14 E
New  @015466.2  RecName: Full=Nuclear receptor subfamily 0 group B mem 78.3 78.3 43% 2e-13 |GLA]

@#P35547.1  RecName: Full=Glucocorticoid receptor; Short=GR; AltNam 76.7 76.7 11% S5e-13 E
NEw  @09TXJ1.2  RecName: Full=Nuclear hormone receptor family member | 74.8 74.8 11% 2e-12 E
New  @P70503.1  RecName: Full=Nuclear receptor subfamily O group B mem 73.2 73.2 34% 4e-12 E
NEw  @09BG94.1  RecName: Full=Nuclear receptor subfamily 0 group B mem 70.9 70.9 33% 2e-11
New  @061066.1  RecName: Full=Nuclear receptor subfamily 0 group B mem 70.9 70.9 43% 2e-11 G
new  @P79386.2  RecName: Full=Nuclear receptor subfamily 0 group B mem 70.5 70.5 38% 3e-11 E
New  @080QHI2.1  RecName: Full=Mineralocorticoid receptor; Short=MR; AltN 70.2 70.2 17% 4e-11 E
new  @09BG97.1  RecName: Full=Nuclear receptor subfamily O group B mem 69.8 69.8 33% Se-11 E
New  @P51843.2  RecName: Full=Nuclear receptor subfamily 0 group B mem 69.8 69.8 33% 6e-11 |GLA]
New  @09BG93.1  RecName: Full=Nuclear receptor subfamily 0 group B mem 69.8 69.8 33% 6e-11 E
NEW @O: 7025.2 RecName: Full=Nuclear hormone receptor family member | 69.4 69.4 11% 7e-11 E
New  @P97947.1  RecName: Full=Nuclear receptor subfamily 0 group B mem 69.4 69.4 37% 7e-11 G
new  @016360.3 RecName: Full=Nuclear hormone receptor family member | 69.4 69.4 33% 7e-11 E
New  @09BG96.1  RecName: Full=Nuclear receptor subfamily 0 group B mem 67.5 67.5 33% 3e-10
new  @002305.2 RecName: Full=Nuclear hormone receptor family member | 66.3 66.3 45% 6e-10 E
New  @017934.1  RecName: Full=Nuclear hormone receptor family member | 65.9 65.9 52% 8e-10 G
New  @062227.1  RecName: Full=Nuclear receptor subfamily 0 group B mem 65.2 65.2 33% 1e-09 E
New  @045907.1  RecName: Full=Nuclear hormone receptor family member | 55.9 34% 7e-07 E
NEw  [P20659.4 RecName: Full=Histone-lysine N-methyltransferase trithor: 55.1 18% 1e-06 G
NEW  [1024742.1 RecName: Full=Histone-lysine N-methyltransferase trithor: 55.1 19% 1e-06
New  @016354.1  RecName: Full=Nuclear hormone receptor family member | 53.6 33% 4e-06 E
New  @Q9PUAB.1  RecName: Full=Thyroid hormone receptor alpha; AltName: 45.9 3% 9e-04

Run PSI-Blast iteration 3 with max [5000 ||Gel



To Blast otnv Tpdén

Xpnoiyotroiwvtag 1o PSI-Blast (vi)

PSI blast Iteration 3
sp|P03372|ESR1_HUMAN Estrogen receptor OS=Homo...

Query ID Icl|59255 Database Name swissprot
Description sp|P03372|ESR1_HUMAN Estrogen receptor OS=Homo sapiens Description Non-redundant SwissProt sequences
GN=ESR1 PE=1 SV=2 Program BLASTP 2.2.24+ P Citation

Molecule type amino acid
Query Length 595

@ No new sequences were found above the 0.001 threshold




To Blast oTnv rpdén

XpnoiyotroiwvTtag To PSI-Blast (vii

* Av trepIAaupdavovtay ol 2 ueBUA-TpavoPePAOEC. ..

@#024742.1 RecName: Full=Histone-lysine N-methyltransferase trithorz 85.2 85.2 19% le-15
0@P79404.1 RecName: Full=Mineralocorticoid receptor; Short=MR; AltN 84.4 84.4 19% 2e-15 E
0@057568.1 RecName: Full=Thyroid hormone receptor alpha; AltName: 84.4 84.4 21% 2e-15
@#P35547.1  RecName: Full=Glucocorticoid receptor; Short=GR; AltNam 79.4 79.4 11% 7e-14 (G|
@#Qomx01.2  RecName: Full=Nuclear hormone receptor family member | 79.4 79.4 54% 7e-14 (G|
QEQSQHIZJ RecName: Full=Mineralocorticoid receptor; Short=MR; AltN 76.0 76.0 17% 8e-13 E
@#P20659.4 RecName: Full=Histone-lysine N-methyitransferase trithor: ~ 74.4 74.4 18% 2e-12 (G|
QEQQPUASJ RecName: Full=Thyroid hormone receptor alpha; AltName: 47.1 47.1 11% 4e-04
NEW EP16356.2 RecName: Full=DNA-directed RNA polymerase II subunit RI 45.5 45.5 19% 0.001 E
Run PSI-Blast iteration 4 with max 5000 ]
0@920659.4 RecName: Full=Histone-lysine N-methyltransferase trithor: 71.0 71.0 18% 2e-11 E
@#P16356.2 RecName: Full=DNA-directed RNA polymerase II subunit R 66.7 66.7 19% 4e-10 (G|
NEW 8935074.2 RecName: Full=DNA-directed RNA polymerase II subunit RI 61.7 61.7 19% 1e-08 E
New  @P24928.2 RecName: Full=DNA-directed RNA polymerase II subunit RI 50.6 50.6 18% 3e-05 E
New  @P08775.3 RecName: Full=DNA-directed RNA polymerase II subunit R 50.6 50.6 18% 3e-05 (G|
QEQQPUASJ RecName: Full=Thyroid hormone receptor alpha; AltName: 46.3 46.3 11% 6e-04

Run PSI-Blast iteration 5 with max (5000 ||Gol
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