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_Protein bioinformatics Il

Retrieving protein sequences from databases (Uniprot: FASTA formate)

Computing amino-acids compositions, molecular weight, isoelectric point, and other parameters (SMS)
Prediction of proteases cutting (PeptideCutter)

Predicting elements of protein secondary structure, signal peptide, transmembrane helix

Finding 3-D structure

Finding all proteins that share a similar sequence

Finding evolutionary relationships between proteins, drawing proteins’ family trees

Computing the optimal alignment between two or more protein sequences



Pairwise alignment

Global alignment — aligns full length sequence

Local alignment — aligns part of the sequences that fit best

(eg similar domains comparison, repetitive sequences...)
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Pairwise alignment- Global

A Training

@ aligmec_seguences: 2

EMBOSS Needle : : Hams

Sus
Pairwise Sequence Alignment (PSA) #* Matrix: EBLOSUME2
# gap_penalty: 1@.8@

# Extend_penalty: @.5
Job Dispatcher Help & Privacy  Input form =

# Length: 274
# Identity: 245,274 (B9 48]
* similarity: 260,274 (94.9%)

Welcome to the new Job Dispatcher website. We'd love to hear your feedback about the new webpages!

EMEOSS Needle reads two input seguences and writes their optimal global sequence alignment to fila, #* Gaps: /274 (9.}
& Score: 1326.86
Input sequence @ Sequence type .
@ Protein (O DNA b

Paste your sequence here - or use the example sequence

=Homo sapiens

MVGRRALIVLAHSERTSFNYAMKEAAAAALKKKGWEVVESDLYAMNFNPIISRKDITGKLKDPANFQYPAESVLAYKEGH fera 1 PMERRALIVLAASERTSFNYAMNEALAAALKRAGWEVVESOLVAMRENEL B
LSPDIVAEQKKLEAADLYIFQFPLOWFGYPAILKGWFERVFIGEFAY TYAAMYDKGPFRSKKAYLSITTGGSGSMYSLOG S R R RN RN R R e AR R R AR R R
IHGDMNVILWPIQSGILHFCGFQVLEPQLTYSIGHTPADARIQILEGWKKRLENIWDETFLYFAPSSLFDLNFQAGFLIMK s 1 MAVEKALTTLAHSEKTS SNy AMEE ALY AL KADEWEY AVEDLY AMNEREY =0
KEVQDEEKNKKFGLSVGHHLGKSIPTONQIKARK]

Homa 51 ISRKDITGKLKDPANFQYPAESVLAYKEGHLSPOIVASQKKLEAADLVIF 108

(RN N N R RN RN T AR RN R RN R R R RN R
ISRKDITEKLKDPENFQYPAETALAYKEGRLSPOIVAEQKKVEAADLVIF 188

Zvolit soubor [N ETE LT

W
I
n
o
£

Paste your sequence here - or use the example sequence Homo 101 QFPLOWFCVPAILKGWFERVFIGEFAYTYAAMYDKEPFRSKKAVLEITTE 150
>Sus scrofa FEORTEEEEEE P En e b=t e et e e e
MAVRKALIILAHSEKTSFNYAMKEAAVEALKRRGWEVAVSDLYAMNFNPVISRKDITGKLKOPGNFOQYPAETALAYKEGR sus 191 QFPLQWFEVPAILKGHFERVLIGEFAYTYAAMYDKGPFANKKAVLSITTE 152
LSPDIVAEQKKVEAADLVIFQF PLOWFGVPAILKGWFERVLIGEFAYTYAAMYDKGPFRNKKAVLSITTGGSGSMYSLQG
IHGDMNILLWPIQSGTLHFCGFOQVLEPQLTYSIGHTPEDARIQILEEWKKRLENIWDETPLYFAPSSLFDLNFQAGFLMK
KQVQDEQKSNKFGLSVGHHLGKSIPTONQVKARK Hamo 151 ESESMYSLOEIHEOMNYILWFIQSCILHFCEFQVLERQLTYSIGHTRADA 220
(RN R R N R AR AR RN AR RRR RN
Sus 151 ESESMYSLOSIHEOMNILLWAIQSETLHFCGFQULERQLTYSIGHTREDA 220
Parameters OUTPUT FORMAT @ MATRIX @ GAP OPEN @ GAP EXTEND @ END GAP @ END GAP OPEN @
‘pair v H BLOSUM62 v H 10 v H 0.5 v H false v H 10 Homo 201 RIQILEGWKKRLENIWDETPLYFAPSSLFDLNFQAGFLHKKEVQDEEKNK 250
PREETC TRt e e e e v e = r=ns:.
Less options A Sus 201 RIQILEEWKKRLENIWDETPLYFAPSSLFDLNFQAGFLNKKOVQDEQKSN 250
Submit Title Homo 251 KFELSVGHHLEKSIPTONQIKARK 274

‘ FERELEERERE e rn=unt
sus 251 KFELSVEHHLEKSIPTONGVKARK 274




Pairwise alienment- Local

# EMBL-EBI home i 3 Research A Training @ About

Lalign

Pairwise Sequence Alignment (PSA)

Results for Job ID: lalign-120240306-175812-0116-49168171-p1m

Job Dispatcher Help & Privacy Input form Tool Output

Submission Details

Welcome to the new Job Dispatcher website. We'd love to hear your feedback about the new webpages!

= p s BLSG f 42 g -2

0.9 -m & -m "F11 lalign-126240366-175512-6116-49168171-pin output. lav”
gnments

LALIGN finds internal duplications by calculating non-intersecting local alignments ¢ x. nuang 2nd w. riller (2s90) adv. apsl. wazh. 12:97

Query

13gn-126246306-175512-6116- 43165171 -pin_asequance
Lepzrome sagians - N

Input sequence ® Sequence type Libeasy Seiien.Tasasesse.a7saz-stc-socatri-pin, Eazasence
@ Protein O DNA

274 residues in 1 seguences

: Lambda= ©.19957 (=8.G4E79

Paste your sequence here - or use the example sequence

ers: BLSS matrix (15

Scan time: ©0.816

sroHona, 274 82 v

" 2 _ws - »»Sus scrofa
AT IELI ] Nevybran Zadny soubor Lazezman-cagers . 1sse: 4es.e bite: (1] <

85.2% identity

in 274 aa overlap (1-2

e se 20 58 ¢
SFNYAMKEAAAAALKKKEM DLYAMNFNSTISRKOITERL

Paste your sequence here - or use the example sequence Homs  MVERRALT

SENYAMKEANVEALKAREWEVAVSDLYAMNFNPYISREDITEAL

sus
10 20 £ 28 £ s
) 50 %0 100 110 120
Homo  KDPANFQYPAESVLAVAEGHLSPDIVAEQKKLEAADLVIFQFPLNFEVRATLKONFERY
Parameters More options v CIiiIiiioiIiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiic
SuS  KDPGNFQYPASTALAYKEGRLSPDIVAEQKKVEAADLVIFQFRLGNFEVFATLKGAFERY
o £ %0 108 18 120
Submit Title:
130 120 150 158 178 158
La .

s job Homo  FIGEFAYTYAAMYDKGOFRSKKAVLSITTEGSESNYSLOGTHEDNNVILUPIQSEILHED

SUS  LIGEFAVTYAAMYDKGPFRNKKAVLSITTGESESNYSLOGIHEOMNILLKPIQS!

More example inputs



Pairwise alignment- Local (visualization

Lalign

Pairwise Sequence Alignment (PSA)

Job Dispatcher Help & Privacy Input form

Welcome to the new Job Dispatcher website. We'd love to hear your feedback about the new webpages!

Results for Job ID: lalign-120240306-175812-0116-49168171-p1m

Tool Qutput

Tool Output

Visual Result (SVG)

Visual Result (PNG)

Visual Result (JPEG)

First Input Sequence

Resull Files

lalign-120240306-175812-0116-49168171-p1lm.out

lalign-120240306-175812-0116-49168171-plm.visual-svg

lalign-120240306-175812-0116-49168171-plm.visual-png

lalign-120240206-175812-0116-49168171-plm.visual-ipg

lalign-120240306-175812-0116-49168171-plm.asequence

Sus scrofa
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Practical part

Try pairwise alignment.
(global and local)

Hw:Compare ,your” sequence (human) with
sequence from mouse (Mus musculus).

How similar are these proteins?



Practical part - results

Global a. (Needle) Local a. (Laling) |

|gunon

£
=
H
§ 1304
4
* Thz bezt non-identicel sligmments ars: Is-w bits E{1) ®_id =_= g. v
# aligned_sequences: 2 Sp|QB4565 | NQDL_MOUSE NAD(P)H dehydr [ 274) 1825 452.1 62-132 ¢.255(3 1001
i _s& : =
. a5 17.@ .45 0.560 dF
# 1: NQOL_HUMAN --"'( . _ &
o . 42161 ©.85 0.575 4 / /
# 2: NQOL_MOUSE ‘-./ - 40 15.6  @.78 0.2a1 % /
¥ Matrix: ESLOSUME2 -- 39 45.% .54 9.355 v
# Gap_penalty: 19.8 o 5 s BEe0.EE8 v T T T T
- . w -8 @.54 0.269 sp|P1555%9|N001 aﬁmmumi}i dwaoéengase[qmﬁo
# Extend_penalty: 9.5 . 22153 ooos oo osaz . -
. oz 135 R Eix e - =la+02
Length: 274 #- 335 13.6 1 9.252 B.542 24
: o rmmg ® - +- 335 136 1 9.335 B.667 48
# Identity: 237,274 (B6_5%)
o ) ) ) B +- 31 43.1 1 9.264 8.696 23
similarity: 252,274 (92_0%)
GEps: 8/274 { @.a%] »»>5p|P1E5E5 |NQOL_HUMAN, 274 aa wvs lalidn-I20246402-873145-2734-84287520-plm.bsequence library

ra: 1269.8@

»»5p| 064669 | NQOL_MOUSE NAD(P}H dehydrogenase [guimone] 1 (274 zal

* Watsrman-Eggert score: 1624&; 452.1 bits; < Ee-132
* 86.5% identity (97.8% similar) im 274 sa ovexrlap (1-274:1-274)
Mm====z=s=====z==========z==================
1@ 2@ 3@ 49 5@ 1]
Sp| P15 MWERRALIVLAHSERTSFNYAMKEAAALAL KKKGWEVVESDLY AMNFNPIISRKDITEKL
NQOL_HUMAN 1 MVGRRALIVLAHSERTEFNYAMKEAAARAL WKKEWEVVESDLYAMNFNPL 56 S e e .
(R RN AR RN R RN RE E RN AT 5p Q64 MAARRALIVLAHSEKTSFNYAMKEAAVE ALKKRGWEVLESOLYAMNFNPIISRNDITREL
NQC1_MOUSE 1 MAARRALIVLAHSEKTSFNYAMKEAAVEALKKREWEVLESDLY AMNFNEL 5B 12 28 B 49 58 58
Ta ae ea iga 11a iza
NQOL_HUMAN 51 ISRKDITEKLKOPANFGYRAESVLAYKEGHLSPOIVAEGKKLEALDLVIF 100 splris A TLkEnEERY
AR S R N S R RN RN N RN RN A R ANY SDooTIiiLiiociiiiiliiiiiiiliiiioiiiiiiiiiios tiiiiioe
NQCL_MOUSE 51 ISRNDITEELKDSKNFQYPSESSLAYKEGRLSPDIVAEHKKLEAADLYIF 198 SP1Q64 KDSKNFQYPSESSLAVKEGRLSPOIVAEHKKLEAADLYIFQFRLQWFEVPATL KEWFERY
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Multiple sequence alignment (MSA)

=The alignment of more than two sequences

The goal of MSA is twofold:
o Aligning corresponding regions of the sequences
o Revealing positions that are conserved

The main steps to a useful MSA require
> Choosing the right sequences
° Choosing the right MSA method
° Interpreting the alignment



An Example of Conserved Positions:
The Serine Proteases Active Site

| —|
CLPP_ECOLI E.cel (40) ERVIFLTGQV----EDHMANLIVAQULFLEAENPEKDIYLYINSPGGVITAGMSI YDTMQFIKPD----VSTIC (105)
CLP1_MYXXA M.xan(26) DRIIMLGTPV----NDDVANIIVAQLLFLESEDPDKGINLYINSPGGSVTAGLAIYDTHMQYVKCP=-==VSTIC ( 91)

21228980 M.maz(27) MISLFGLPAYQSIDEEDAEQVLRWIRKY-----RDYPLELILHTPGGQLHRSIQIARALKENHPKK----TRVLI ( 92)

15643678 T.mar (58) SISFLGFPVRRYIDIEDSEEILRAIKLTP----SDMPIDLILHTPGGLVLAAEQIARALKMHEGK---=VTVFV (123)

15668307 M.jan(64) SIGLFGIPVYKFITIEDSEEILRAIRAAP----KDKPIDLIIHTPGGLVLAATQIAKALKAHPAE--=-=-TRVIV (129) n n
18976612 P.fur(59) SIGFFGIPVYKFISIEDSEEVLRAIRMAP----KDKPIDLIIHTFGGLVLAATQIAKALKDHPAE----TRVIV (124) Actlve S Ite
22972030 C.aur (53) TMSLLGFPLVRYINIEDSEAVLRAIKMTD----RDIPIDLILHTFGGLVLAAEQIARALTKHARK====VTVEV (118)

23050732 M.bar(75) AISLFGIPAYQYIDEEDAEQILRWIRKY-----KDYPLELILHTPGGQLHSSIQIARALRRHSKN----TKVII

15964138 S.mel (50) HVARVAVTGLIQ---DDRELVERLERIADN--QSVKALIVTISSPGGETTYGGEVI YKAIRKVAEKKP--VVSD

17934547 A.tum(27) AﬁGGHQFRPALIMSYRPLIEKAE‘!VKDA-—--Ph'-FhI SMSPGGSPvaAM! YNRIRQLAEEEDE
) ===y

= - =)
CLPP_ECOLI E.col (106 ) MGORASHSAFLLT AGAKGKRFCLPNSRVHIHQP LGGY-————— gt — == —— ———— = — O GOATDI--~-—-—~
CLP1_MYXXA M.xan({ 92)VGQRASHMGALLLLAGAKGERYALPNSRIMIHQPLGG g --====-===-=-—
21228980 H.maz{ %3)PHYSHSGGTIIALAADE-IVMDKDAVIGPE Lt
15643678 T.mar (124 ) PHYAMSGGTLIALAADE-IIMDE NP T =P QI GH=== ==
15668307  M.jan(130) PHYRMSGSTLIALARDKS
18976612  P.fur (125) PHYRMSGGTLI BLaene
22972030  C.aur (119} PRYAMSG -
23050732 H.bar{140) PHYSHEGGTIIALAANE «
15964138 S.mel (117 ) RTLAASAGYLIALAGDR-IVAGETSITGSIG-VIFQY===== POVETLHDKLGVSLESIKSRP

17934547 A.tum( 97 )EDVAASGGYMIALAGDE-IIADPTSIVGSIG-VVSGG-—--- FGFPEMLRKI GVERRVYTAGENI
o] =] =)
P T TSR TR | [l

CLPP_ECOLI E.col (148)----EITHAREI LKVKGRMNELMALHT-~~~~~ GQSLEQIERDT----- ERD- RFLSA {196)
CLP1_MYXXA M.xan(134)----DIQAKEILRLRSYINGLIVKHT------GHTIERIEKDT-~-~~-~ ERD-YFMS (182)
21228980 M.maz (157 )----DISRKALRLTRNVAKELLE GKIQPD-GKEDRLEEVVEKLVSG-EMI HSTPLSIR {213)
15643678 T.mar (185) ----DIAEKAI RQVREFVVEILSDKV--~---SKEKAEKIADKLCSG-YWTHD YP EKLREM (237)
15668307 M.jan(191)----DIAKKAINQVONFVYNLLKDKY-----GEEKAKELSKILTEG-RWTHDYPITVEEAKEL (243)
18976612 P.fur(186)----DVAKKAI KQVQDFLYDLLKDKY----- GEEKARELAQILTEG-RWTHIMFITVEHAREL (238)
22972030 C.aur (180)----DIAEKAI RQVERTVCELLRDKM---—-PVERREEVAHTLASG-VWTHOYPITVSEAREL (232)
23050732 M.bar (205)==---DVSRKALKFTRNVAKELLEGKIQPGPAGESRLDEVVEKLVSG-EMIHSTPLSAGEAKKI (262)
15964138 5.mel (185) DEARAMIQAMIDDSYGWEVDLVAERRK======= LPRPEALALADGRIFTGRQALEGKLVDEL (240)

17934547 A.tum(165)EGDIDYLESLQVEIHNVFIDMVKMRRG-----SKLK--GDDALFSGLFWTGMRGLDLGLIDGL (220)
Lo ] ] o]




‘II

_Evolution in a Nutshel

Amino acids mutate randomly

Mutations are then selected (accepted) or counter-selected (rejected)

If a mutation is harmful, it is counter-selected
° It disappears from the genome

° You never see it

Mutations of important positions (such as active sites) are almost always harmful

You can recognize important positions because they never mutate!

MSAs reveal these conserved positions



An Example of Conserved Positions:
The Serine Proteases Active Site

| —|
CLPP_ECOLI E.cel (40) ERVIFLTGQV----EDHMANLIVAQULFLEAENPEKDIYLYINSPGGVITAGMSI YDTMQFIKPD----VSTIC (105)
CLP1_MYXXA M.xan(26) DRIIMLGTPV----NDDVANIIVAQLLFLESEDPDKGINLYINSPGGSVTAGLAIYDTHMQYVKCP=-==VSTIC ( 91)

21228980 M.maz(27) MISLFGLPAYQSIDEEDAEQVLRWIRKY-----RDYPLELILHTPGGQLHRSIQIARALKENHPKK----TRVLI ( 92)

15643678 T.mar (58) SISFLGFPVRRYIDIEDSEEILRAIKLTP----SDMPIDLILHTPGGLVLAAEQIARALKMHEGK---=VTVFV (123)

15668307 M.jan(64) SIGLFGIPVYKFITIEDSEEILRAIRAAP----KDKPIDLIIHTPGGLVLAATQIAKALKAHPAE--=-=-TRVIV (129) n n
18976612 P.fur(59) SIGFFGIPVYKFISIEDSEEVLRAIRMAP----KDKPIDLIIHTFGGLVLAATQIAKALKDHPAE----TRVIV (124) Actlve S Ite
22972030 C.aur (53) TMSLLGFPLVRYINIEDSEAVLRAIKMTD----RDIPIDLILHTFGGLVLAAEQIARALTKHARK====VTVEV (118)

23050732 M.bar(75) AISLFGIPAYQYIDEEDAEQILRWIRKY-----KDYPLELILHTPGGQLHSSIQIARALRRHSKN----TKVII

15964138 S.mel (50) HVARVAVTGLIQ---DDRELVERLERIADN--QSVKALIVTISSPGGETTYGGEVI YKAIRKVAEKKP--VVSD

17934547 A.tum(27) AﬁGGHQFRPALIMSYRPLIEKAE‘!VKDA-—--Ph'-FhI SMSPGGSPvaAM! YNRIRQLAEEEDE
) ===y

= - =)
CLPP_ECOLI E.col (106 ) MGORASHSAFLLT AGAKGKRFCLPNSRVHIHQP LGGY-————— gt — == —— ———— = — O GOATDI--~-—-—~
CLP1_MYXXA M.xan({ 92)VGQRASHMGALLLLAGAKGERYALPNSRIMIHQPLGG g --====-===-=-—
21228980 H.maz{ %3)PHYSHSGGTIIALAADE-IVMDKDAVIGPE Lt
15643678 T.mar (124 ) PHYAMSGGTLIALAADE-IIMDE NP T =P QI GH=== ==
15668307  M.jan(130) PHYRMSGSTLIALARDKS
18976612  P.fur (125) PHYRMSGGTLI BLaene
22972030  C.aur (119} PRYAMSG -
23050732 H.bar{140) PHYSHEGGTIIALAANE «
15964138 S.mel (117 ) RTLAASAGYLIALAGDR-IVAGETSITGSIG-VIFQY===== POVETLHDKLGVSLESIKSRP

17934547 A.tum( 97 )EDVAASGGYMIALAGDE-IIADPTSIVGSIG-VVSGG-—--- FGFPEMLRKI GVERRVYTAGENI
o] =] =)
P T TSR TR | [l

CLPP_ECOLI E.col (148)----EITHAREI LKVKGRMNELMALHT-~~~~~ GQSLEQIERDT----- ERD- RFLSA {196)
CLP1_MYXXA M.xan(134)----DIQAKEILRLRSYINGLIVKHT------GHTIERIEKDT-~-~~-~ ERD-YFMS (182)
21228980 M.maz (157 )----DISRKALRLTRNVAKELLE GKIQPD-GKEDRLEEVVEKLVSG-EMI HSTPLSIR {213)
15643678 T.mar (185) ----DIAEKAI RQVREFVVEILSDKV--~---SKEKAEKIADKLCSG-YWTHD YP EKLREM (237)
15668307 M.jan(191)----DIAKKAINQVONFVYNLLKDKY-----GEEKAKELSKILTEG-RWTHDYPITVEEAKEL (243)
18976612 P.fur(186)----DVAKKAI KQVQDFLYDLLKDKY----- GEEKARELAQILTEG-RWTHIMFITVEHAREL (238)
22972030 C.aur (180)----DIAEKAI RQVERTVCELLRDKM---—-PVERREEVAHTLASG-VWTHOYPITVSEAREL (232)
23050732 M.bar (205)==---DVSRKALKFTRNVAKELLEGKIQPGPAGESRLDEVVEKLVSG-EMIHSTPLSAGEAKKI (262)
15964138 5.mel (185) DEARAMIQAMIDDSYGWEVDLVAERRK======= LPRPEALALADGRIFTGRQALEGKLVDEL (240)

17934547 A.tum(165)EGDIDYLESLQVEIHNVFIDMVKMRRG-----SKLK--GDDALFSGLFWTGMRGLDLGLIDGL (220)
Lo ] ] o]




Using MSA:

Appiication Procedure

Extrapolation Determine the function of your protein
Phylogenetic analysis Build a Phylogenetic tree

Pattem identification Discover important positions

Domain identification Turn your alignment into a domain profile




Gathering Sequences with BLAST

The most convenient way to select your sequences for comparison is to use a BLAST server

»Homework 3. : 5) Find and download five similar sequences.

>[Pongo pygmaeus ] remove brackets [ ]

MDHRKARVLPAGHYCPSLGIWSSQVGSVRSSVPPSIR
RHERLREKMRRRLESGDKWFSLEFFPPRTAEGAVNLI

GLETILHMTCCHQRLEEITGHLHKAKQLGLKNIMALR



Gathering Sequences with BLAST

—>change sequences (FASTA) names into organism only

7 *seqdump (1)t - Poznamkovy blok - O X

Descriptions Graphic Summary Alignments Taxonomy

Soubor Upravy Format Zobrazeni Mapovéda

» N = w LV W >Homo sapiens

SECII.IEI'ICES prﬂ’ducu'|g Slgnlﬁcant allgl’lmentﬁ ﬁ Download Select columns Shov MPAHLLQDDISSSYTTTTTITAPPSRVLONGGDKLETMPLY LEDDIRPDIKDDIYDPTYKDKEGPSPKVEYVWRNITLMS
LLHLGALYGITLIPTCKFY TWLWGVFYYFVSALGI TAGAHRLWSHRSYKARLPLRLFLI TANTMAFQNDVYEWARDHRAK

HKFSETHAL FRSHVGHLL TLDLSDLEAEKLVMFQRRYYKPGL LMMCFTLPTLVEWYFWGE
D lect all I|t Multile ali TPONSVFVATFLRYAVVLNATWLVNSAAHLFGYRPYDKNT SPRENTLVS LGAVGEGFHNYHHS FEYDY SASEYRWHTNET
select all 5 sequences selected % lis  Multiple aligni rrrpcMaaLELAYDRKKVSKAAT LARTKRTGDGNYKSG
- FASTA (complete sequence) i Nt U
1 i E = B MPAHLLODDISSSYTTTTTITAPPSRVLONGGDKLETTPLYLEDDTRPDTKDDTYDETYKDKEGPS PKVEYVWRNT TLMS
. : N H er. [ LLKLGALYGTTLT PTCKFYTWLWGVEYYF T SALGT TAGAHRLWSHRS YKARLPLRLFLT TANTMAFQONDVYEWARDHRAH
Description | FASTA {a li En ed sequen CES] 1 HKFSETHAL FFSHVGHLL TLDLSDLEAEKLVMFORRYYKPGLLLMCFILETLVEWYFWCE
- value Ident L & TR ONSVEVATFLRYAVVLNATHLVNSAAHLEFGYREYDKNT S PRENTLVS LGAVGEGFHNYHHS FPYDYSASEYRWKINET
. GenBank (complete sequence) e s A LA ROV STARTLAR KRGS
\/ stearoyl-CoA desaturase [Homo sapiens] . 0.0 100.00% 35MPANLLODDITAPPSRVLONGGDKLETTPLYLEDNTIRED IKDD IYDETYKDKEGPSPKVEYVWRNITLMS
Hit Table [te;{t} LLHLGALYGITLIPTCKFYTWLWGVFYYFVSALGI TAGAHRLWSHRS YKARLPLRLFLI IANTMAFONDVYEWARDHRAH
—_ ; HKFSETHAL FPSHVGHLL TLDLSDLEAEKLVMFORRYYKTGLLLMCFILPTLVEWYFWGE
|| stearoyl-CoA desaturase [Homo sapiens] . 0.0 89.72% 33 TroNSVFVATFLRYAVVLNATHLVNSARHLFGYRPYDKN TS PRENI LVSLGAVGEGFHNYHHS FPYDY SASEYRWHINET
— - Hit Table [CSU} TEFIDCMAALGLAYDRKKVSKAATLARIKRTGDGNYKSG
| | stearoyl-CoA desaturase variant [Homo sapiens ] 00 09.72% 34 ;ﬁl‘“’ f:;:s S - LYLEEDT D IYDPSYQUKEG —_—
- —— LOEEISSSYTTTTT: RVLQNGGDKLEKTPLYLEEDIRPEMKDI EKPRVVYVWRN
. i ) r Y] seqdump.txt - Poznamkovy blok LLHLGALYGITLIPTCKFYTFCWVLFYYIISALGITAGAHRLWSHRS YKARLPLRVF LI IANTMAFONDVFEWARDHRAH
| | stearoyl-CoA desaturase varnant [Homo sapiens] - HKFSETDADPHNSRRGFFFSHVGWL LVRKHPAVKEKGGLLD LSDLKAEKLVMFQRRYYKPGT LLMCF IMPTLVEWYFWGE
— Sonbormbipraeyme FormatesFobrazerimNapovids TPQHSLYLATFLRYAVVLNVTWLVNSAAHLYGYRPYDKTTNPRENT LVS LGAVGEGFHNYHHS FEYDY SASEYRWHTNET
. ’ - TFFIDCMAALGLAYDRKKVSKAAT LAKVKRTGDGSYKSG
'\/ acyl-CoA desaturase [Gorilla gorilla gorilla >01]13435426|gh | AAHO4579.1| Nqol protein [Mus musculus] >gi|71059897 |emb|CAJ18492.1] Ngol [Mus musculus]|,oyig aries
MAARRALIVLAHSEKTSFNYAMKEAAVEAL KKRGWEVLESDLYAMNFNPIISRNDITGELKDSKNFQYPSESSLAHKEGR MPAHLLQEETSSSYTTTTTITAPPSRVLONGGGKLEKTPLY LEEDTRPEMRDD TYDPTYQDKEGPKPKLEYVWRNT T LMG
(] SCDisoform 1[Penge abeli L SPDIVAEHKKLEAADLVIFQFPLQWFGVPAILKGWFERVLVAGFAYTYAAMYDNGPFQNKKTLLSITTGGSGSMYSLQG LLHLCALYCTTLTPTCKTYTFLWVLFYYVTSALGT TACVHRLWSHRTYKARLPLAVFLTT ANTMAPONDVFEWSROHRAH
e VH@DMNVILWPIQSGILRFCGFQVLEPQLWSIGHTPPDARMQILEGWKKRLETVWEETPLYFAPSSLFDlI_NFQAGFLMKKEVQEEQKKNKFGLSVGHHLGKSI HKFSETDAL FRSHVGWLL ATLDLSDLRAEKLVMFQRRYYKPGVLLLCFTLPTLVEWYLWGE
. >g11524939198 |ref | XP_005071892.1| PREDICTED: NAD(P)H dehydrogenase [quinone] 1 [Mesocricetus auratus] TPONSLFFATFLRYAVVLNATHLVNSAAHMYCYREYDKTTNPRENT LVS LGAVGEGFHNYHHTFEYDY SASEYRWHINET
[7] stearoyl-CoA desaturase [Pongo abelii MAVRRAL ILL AHSERTSFNYAMKEAAVEALKKKGWEVDESDLYAMNFNPVISRKDITGKLKDSENFQYTLESTLAYKEGR P DOMARTCL AYDRKKVSKARY LARMKRTGEESYRSG
- LSPDIVAEQKKLEAADLVIFQFPLHWFGVPAILKGWFERVLVAEFAYTYATMYDKGPFKNKKALLSITTGGSGEMYSLHG
—_— . . VHGDMNIILWPIQSGILHFCGFQVLEPQLVYSIGHTPPDARTQILEGWKKRLETVWDETPLYFVPSSLFDLNFOQAGFLLKKEVQEEQKKNRFGL SVGHHLGKSIPADSQIKARK
L] SCD protein [Homo sapiens] =g 1227430403 |ref |[NP_001153085.1| NaD(P)H dehydrogenase [quinone] 1 [sus scrofa]
MAVRKALITLAHSEKTSFNYAMKEAAVEAL KRRGWEVAVSDLYAMNFNPVISRKDITGKLKDPGNFOYPAETALAYKEGR
. L SPDIVAEQKKVEAADLVIFQFPLQWFGVPAILKGWFERVL IGEFAYTYAAMYDKGPFRNKKAVL SITTGGSGSMYSLQG -
'\/ ﬂ}"l Coh desaturase IF'ElI"I h’ﬁqm}'@] THGDMNILLWPIQSGTLHFCGFOQVLEPQLTYSIGHTPEDARIQILEEWKKRLENIWDETPLYFAPSSLFDLNFOQAGFLMKKQVODEQKSNKFGL SVGHHLGKSIPTDNOVKARK &

o >g1 386781783 |ref |INP_001247927.1| NaD(P)H dehydrogenase [quinone] 1 [Macaca mulatta]
[] acyl-CoA desaturase [Hylobates moloch] MVGKRAL IVL AHSERTSFNYAMKEAAVAAL KKKGWEVAE SDLYAMNFNPIISRKDITGKLKDPANFQYAAESTLAYKEGR 9.1
LSPDIVAEQKKLEAADLVIFQF PLQWFGVPAILKGWFERVFVGEFAYTLAAMYDKGPFQSKKAVLSITTGGSGSMYSLQG

M IHGDMNVILWPIQSGILHFCGFQVLEPQLTYSIGHTPADARIQILEGWKKRLENIWDETPLYFAPSSLFDLNFQAGFLMKKEVQDE EKNKKF GL SVGHHLGKSIPTDNQIKARK

T

-y

- stearoyl CoA desaturase [Homo sapiens] =>gi 1426242583 |ref |XP_004015151.1| PREDICTED: NAD(P)H dehydrogenase [quinone] 1 [owvis aries]

MAVRKALIVLAHSERTSFNYAMKEAATEAL KRKGWEVTVSDLYAMNFNPVISRKDITGKLKDPGNFQYPAETVLAYKEGR

n LSPDIVAEQKKLEAADLVIFQFPLQWFGVPAILKGWFERVLVGEFAYKYAAMYDKGPFRNKKAVL SITTGGSGSMYSLHG H
|—| MMIMLWQQYE IHGDMNIILWPIQSGTLHFCGFOVLEPOLTYSIGHTPEDARVOILEGWKKRLENIWDEMPLYFAPSSLFDLNFOAGFLMEKKEVQDEQKSKKFGL SVGHHLGKSIPMDNOIKATK L
>g1]130230685|gb|AAP20940.1| NAD(P)H dehydrogenase, quinone 1 [Homo sapiens]
RRALIVLAHSERTSFNYAMKEAAAAAL KKKGWEVVE SDLYAMNFNPIISRKDITGKLKDPANFQYPAESVLAYKEGHLSP
DIVAEQKKLEAADLVIFQFPLOWFGYPAILKGWFERVF IGEFAYTYAAMYDKGPFRSKKAVLSITTGGSGSMYSLOGIHG
DMNVILWPIQSGILHFCGFQVLEPQLTYSIGHTPADARIQILEGWKKRLENIWDETPLYFAPSSLFDLNFQAGFLMKKEVQDEEKNKKFGL SVGHHLGKSIPTDNGIKARK

s




Aligning Your Sequences

Aligning sequences correctly is very difficult

° |t’s hard to align protein sequences with less than 25% identity (70% identity for DNA)

All methods are approximate

Alignment methods use the progressive algorithm
> Compares the sequences two by two
o Builds a guide tree

> Aligns the sequences in the order indicated by the tree



http://multalin.toulouse.inra.fr/multalin/

Alienment: MultAlir!
ekt ¥ ‘I

Multiple sequence alignment by Florence Corpet ‘

Published h using this should cite: ‘
"Multiple sequence alignment with hierarchical clustering"
F. CORPET, 1988, Nucl. Acids Res., 16 (22), 10881-10890

!iﬁlf}n]ﬁ;‘;a ‘L[_tﬁl_lmwue &‘

@ Sequence data

Cut and paste your seq) here below. a

>gil13435426|gb | RRED4579.1| Ngol protein [Mus musculus]

>gi| 71059897 |emb |CAT15482.1] Ngel [Muos musculus=] s
MEARRALTVLAHSERT SFNYAMFERAVERLKRRGREVLESDL Y AMNFNP T I 3RND I TGELEDIENEQY S
ESZLAHEEGR
L3PDIVAEHRKLEARDLVIFQFPLOWEGVEATLEGREERVLVAGEAYTYARMYINGPEQNEETLLSITTG
GIGIMYSLOG
VEGOMNVILWPIQ3GILRFCGEQVLEPQLVY SIGHT PPOARMOTLEGRERRLETVNEETPLYFAPSILED
LNFQREFLME

EEVQEEQEENEFGLIVGHHLGESIPADNQIEKRARE [
sample SBOUENCEE) [>gi | 52459351598 | ref |XP_005071852.1| PREDICTED: HAD(P}H dehydrogenas=e

or select a file: Prochdzet .

@ Seq imput format: [Auto v

@ For nucleotidic sequences, vou must change the Symbol comparison Table (see below) @

[ start Multalin 1 || Clear Entire Form |

i ituti ix: PAM/BLOSUM
0pt10nal Parameters Substitution matrix /BLOSU

@Result page format: v

The sequence alignment will be displayed as |a coloured Image v



http://multalin.toulouse.inra.fr/multalin/

Multalin result page

Ed

il TNRA

il INRA

au.

Home page LG.C.-Auzeville
Go directly to Alignment
Multalin version 5.4.1
Copyright I.N.R.A. France 1988, 1381, 1884, 1996
Published research u!:\.nq this software should cite
Multapl it with ha hical o
F. CORFET, 1388, uunl Acids Res., 16 (22), 10881-10830
Symbol comparisen table: Bioeans
Gap weight: 12
Bap length weight: 2
Consensus levels: high=S0% low=50%
Conzensus =ymbols:
1 is anyone of IV
$ is anyone of 1M
# iz anyone of FY
$ i= anyone of NDQEBZ
M3F: 274  Check: 0 £
Name: gi]|13435426|gk Len: 274 Check: £705 1.273
Name: gi|5249@8158|r Len: 274 Check: E367 1.2a
Name: gil227430403|r Len: 274 Check: €661 0.83
Name: gil|426242583|r Len: 274 Check: 5108 0.83
Name: gi|386781783|r Len: 274 Check: 4013 o0.8g
Name: gil302306851gk Len: 274 Check: 4150 .83
Fame: Conzensus Len: 274 Check: 4506 o000
A
1 10 a0 30 a 50 6O 0 80 90 100 1 120 130
will HARRRALIVLAHSEKTSFHY KKRGHEVLESOL YAHHFHP ITSRNDI TGELKDSKNFOYPSESSLAHKEGRLSPDIVAEHKKLEARDL VIF OF PLOMFGYPAIL KGUFERVLVAGFAYTYR
i 1524939198 Iref 1XP_  HAVRRALTLLAMSERTSFHYRARKERAVEAL KKKGHEVDESOL YRHHFHP VISREDT TGKLKDSENFOYTLESTLAYKEGRLSPDT YAEQKKLEARDL VIFOF PLHHFGY PATLKGHF ERVLVREFAYTYA
gnz?uﬁmﬁlmtlﬂ nﬂmm LILANSEKTSFNTAHKERRYERL KRRGUEYRYSOL YRHNERPYTSRKIN TGKLKOPGRFOYPAETALRYKEGRLSPOTYREKIEE ARDLYTFOFPLOMFGYPRTLKGAF ERYLIGEFRYTYR
26242683 Iref IXP_  HAVRKAL TVL AHSERTSFNYAHKERATEAL KRKGHEYTVSOL YAHNFHP YTSRKDT TGKL KDPGHFOYPAETYL AYKEGRL SPDTYAEQKKL EARDL YTFOFPLQUFGYPATL KGUFERVL VGEFAYKYA

&l I 3!!;'751733 Iref INP_
#i 1302306851 eb IAAP20
Conzensus

i 1134354261 gb | AAN0A
plSMB&l‘]BImI‘IM‘F
1NP_

HVGKRAL TVL AHSERTSFHYRHKEAAVARL KKKGHEVAESDL YAHNFHP ITSREDT TGKL KDPANFOYARESTL AYKEGRL SPOTVAEQKKL EARDL VTFOFPLOWFGYPATL KGUFERVFVGEFAYTLA
RRALTVL AHSERTSFHYAHKEAARARL KKKGHEVYESDL YAHHFNP TTSRKDT TRKL KDPANFOYPAESYLAYEEGHL SPDTYAEQKKLEARDL VTFOFPLAHFGYPATL KGHF ERVF TREFAYTYA
naverAL Tyl ANSER TSFNTARKEAfwell KkkGHEY . cSOLYRNENP TSRO TGkl Kip. NFOYpak s . LigKE GrLSPITYIEGKKLEARDL Y TFOFPLQHFGYPIILEGAF ERY LS gef ATEyR

131 140 150 160 170 180 130 200 210 220 230 240 250 260
nr.lurvm DHNY TLMP 105G TLRF CGFOVLEPOLYYSTRHTPPOARNOTLEGHKKRLE TYHEETPLYF AR ||| NI OAGFL HIKE Y OEEQKINKF L5V

HI
THYDKGPFRNKKALLSTTT !lllBVIIGDIl|[IIJIPIIBGIlHFEITWLEPQLW'SIEHTPPDRRH[lEGHl‘l(ELETUHIE'IPlYF NFOAGELLKKEYOEEQRINRF GL SYGHHL
STTTGGESESHYSLOGTHGOHHIL L MPTOS! RLEIIIHIE'IPLYFMSLFIILNFIIRGFL (KKOYODEQKSHKF 6L SVGHHL

AHYONGPFONKKTLLSTTT

&1 1426242583 Iref 1XP_
&1 1306781703 lrc"ﬂ’_
i 130230685 | ghl Al
I:nnnnem:

&1 113435426 | gh | ARHOA
%1 1524939198 Iref 1XP_
&1 1227430403 Irof INP_
i 4262425080 Iref 1XP_
i 1386781783 lref INP_

NH'ﬂKGI’FI!NKm\'LSlI1EESBSHI‘SLIIGHEDMIIL"PIWEIMFCH:DJLEPULTI'SIEHWEIJHRV ILEEHH(RLHIHI[HFLYHI’SSLH]LNFIIHEFL GLSVGHHL
nnmarrusmmsm H'SLHEI“EIJM\-IL“FIWEII"FCGFUJLEPULTISIEHTPIIIJHRI'IlEENn(RLEl!lNI[]P[\'FWSSLH]LNFUHEFLHFKE\-UIEFI‘I(KFGLSJGNHL
AMYDKGPFRSKKAYLS YSLOGTHGOMNYTLMP TO%GTLHF CGPOVLEPQLTYSTGH TPROARTY LLEGHKKRL ENTHDETPLYFAFSSLEDLNFOAGELAKKEY QOEE KNKKFGLSYGHHL
aHYDkGPF . r\muLSlTTGESGSMSLA]E‘HEDMllI.IlPIIBElI.IlFEEDJLEPHLLI'SIGHTP DAR, QILEgHKKRLEn | H4EL PLYF aPSSLFOLNFOAGFL §KK $Y0Q$E£K , nkFGLSYGHHL

[———
EK'SIPHIIID]HI!K
GESIPADSOIKARK
GESIPTDNOYEARK
GRS IPHONRTEALK
GESIPTDHOTKARK

511302306851 gbIARP20  GKSIPTDHOIKARK
C neuzs  GRSIP,DnlQ!KArk

Available files:

-Sequence Input file

~Cluster file

~Results as a fasta file

-Results as a text page (msf’
-Results as postscript page(s) with ESPript (protein an.h .)

-Alignment and tree description (1fd) Get a better view of your protein family : phylogenetic tree, pruned tree and subtrees, ized coloured and
- Results as an html page (needs to enable style sheets)

-Results as a text page wath colour indicztion: (need a text editor) @

-Results as a gif image

Table 9-7

Patterns of Conservation in Multiple
Sequence Alignments

Amino Acid

Characteristic

WY, F

[t is common to find conserved tryptophans. Tryptophan is a large
hydrophobic residue that sits deep in the core of proteins. It plays
an important role in their stability and is therefore difficult to
mutate. When tryptophan mutates, it is usually replaced by
another aromatic amino acid, such as phenylalanine or tyrosine.
Patterns of conserved aromatic amino acids constitute the most
common signatures for recognizing protein domains.

G P

[t is common to find conserved columns with a glycine or a proline
in a multiple alignment. These two amino acids often coincide
with the extremities of well-structured beta strands or alpha
helices. (For more on these structures, see Chapter 11.)

Cysteines are famous for making C-C (disulphide) bridges.
Conserved columns of cysteines are rather common and usually
indicate such bridges. Columns of conserved cysteines with a
specific distance provide a useful signature for recognizing pro-
tein domains and folds.

H S

Histidine and serine are often involved in catalytic sites, espe-
cially those of proteases. Conserved histidine or a conserved
serine are good candidates for being part of an active site.

K.R,D.E

These charged amino acids are often involved in ligand binding.
Highly conserved columns can also indicate a salt bridge inside
the core of the protein.

Leucines are rarely very conserved unless they're involved in
protein-protein interactions such as a leucine zipper.




Alignment: NCBI/COBALT

N

m U.S. National Library of Medicine > NCBI National Center for Biotechnology Information jostovap My NCBI  Sign Out

COBALT Constraint-based Multiple Alignment Tool Home RecentResults Help

Phylogenetic Tree Edit and Resubmit #Download

- Cobalt RID DKOEGH2J212 (4 seqs)

¥ Graphical Overview

1 - 276 (276r shown)

= 1 - 276 (276r shown) e - + | ¥ Tooks~ | 2 2 -
Descriptions Seq Alignment Seq End Organism
Start 1 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 20 230 240 250 260 276
S S St e N S A M S
Query_10001 L | | . 757
Query_10002 L= L ——— e 266
Query_10003 4= HI I _ 253
Query_10004 L=l E S Qucry_10001 (257 residues) 256
Alignment Pos: 82
Sequence Pos: 67
¥ Descriptions ¥ Select All (Re=align) > Alignment parameters Amino adid: Leudne
Matches: 1 of 4 rows (25.0%)
Mismatches: 3 of 4 rows (75.0%)
Accession | Gaps: 0 of 4 rows (0.0%) Links
M icjQuery_10001 tr{VIPWXT|VIPWX7_SCHMA Sulfotransfe Unaligned: 0 of 4 rows (0.0%)
Total rows: 4
M icljQuery_10002 tr/ADA0947WQ2|ADAN94ZWQ2_SCHHA U - ) 3_07706 PE=4 SV=1
Sequence is aligned from residues 1 to 257
M icllQuery_10003 tr|C1LER5|C1LER5S_SCHJA Uncharacteriz Residues aligned: 257
M icljQuery_10004 tr|C1LS15/C1LS15_SCHJA Cell wall integr] Residues through gaps: 5 lim PE=2 Sv=1
Residues in indels: 0
Residues unaligned: 0




Alignment: Clustal Omega

Clustal Omega

Multiple Sequence Alignment (MSA)

Job Dispatcher Help & Privacy Input form

Welcome to the new Job Dispatcher website. We'd love to hear your feedback about the new webpages! X

Clustal Omega is a new multiple sequence alignment program that uses seeded guide trees and HMM profile-profile techniques to generate alignments between three or more sequences. For the alignment of
two sequences please instead use our pairwise sequence alignment tools.

Input sequence ® Sequence Type

@ Protein (O DNA (O RNA

Paste your sequence here - or use the example sequence

2

FAL ST eg Nevybran Zidny soubor | Use the example I | Clear sequence I More example inputs

Parameters OUTPUT FORMAT @

‘ Clustalw with character counts v




Alignment: Clustal Omega

Results for Job ID: clustalo-120240306-1 -0875-65691984-p1m
Alignments Tool Output Guide Tree Phylogenetic Tree Reszults Wiewers Reszult Filzs Submission Details
COLOR SCHEME LEGEND
clustal? v ARNDCOQEGHILKMFPSTWYVBXZ
Nightingale SEEEEENENEENEE EEEEE

T T T T T
180 0o s 240 280

B
5
5
B
=
B
E

5 sequences

EVEY
U M A ALIITLAHS F AM AAVEAL VAV LYAMNFNPWVI ITGEL PGNF PA ALA GRLSPDIVA LM,
CROCUT - ALIVLAHA F AM AAVEAL VTV LYAMNFNPWI ITGTL PGNF P A VLA GRLSPDIVA LVI
LEMU M A ALIVLA F AM AALEAL VAV LYAMNFNP I I ITGHEL P = PV VLA GRLSPDIVA Lvi
MACAT MV ALIVLA F AM AAVAAL VA LYAMNENPI I ITGEL PANF AA TLA GRLSPDIVA LV
Ll MV ALIVLA F AM AAAAAL Vv LYAMNFNP I I ITGEL PANF P A VLA GHLSPDIVA LV
PA MV ALIVLA E AM AAAAAL vV LY¥YAMNENP I I ITGKL PANF P A VLA GHLSPDIVA Lvi

(*) conserved amino acids
(:) amino acids with similar size and hydrophobicity
(.) amino acids with similar size or hydrophobicity




Alignment: Clustal Omega

Results for Job ID: clustalo-120240306-

Alignments

Guide Tr

Tool Output

Nightingale

CLUSTAL

sus
Crocuta
Lerur
Macaca
[Homo
Pan

sus
Crocuta
Lerur
Macaca
[Homo
Pan

sus
Crocuta
Lerur
Macacs
[Homo
Pan

sus
Crocuta
Lerur
Macaca
[Homo
Pan

sus
Crocuta
Lerur
Macaca
[Homo
Pan

.4} multiple sequence zlignment

MAVRKALIILAHSEKTSFNYAMKEAAVEALKRREWEVAVSDLY AMNFNRPVISRKDITEKL
-IARRALIVLAHAETTSFRHAMKEAAVEALKSK] VSDLYAMNFNFVISRRDITETL
MAARKALIVLAHSERTSFNHAMKDAALEALKKKEWEVAVSDLY AMNFNPIISKKDITEKL
MVGKRALIVLAHSERTSFNYAMKEAAVAALKKKEWEVAESDLY AMNFNPIISRKDITEKL
MVGRRALIVLAHSERTSFNYAMKEAAARAL KKK ESDLYAMNFNFIISRKDITEKL
MVGRRALIVLAHSERTSFNYAMKEAAAAALKKKEWEVVESDLY AMNFNPIISRKDITEKL

Dk AR DR R WER AR RAR D RREE L R R e D R

KDPGNFQYPAETALAYKEGRLSPODIVAEQKKVEAADLVIFQFPLOQWFEVPAILKGWFERY
LAYKEGRLSPOIVAE DLVIFQFPLQWFEVPAILKGWFDRY
DLVIFQFPLQWFEVPAILKGKF
DLVIFQFPLQWFEVPAILKGKF
DLVIFQFPLQWFEVPAILKGKF

WIE e WD ek 4 Dah

LIGEFAYTYAAMYDKGPFRNKKAVLSITTGESGSMYSLOGIHEODMNILLWPIQSETLHFC
LIGEFAYTYAAMYDNGPFRNKKTVLSITTGESEGSMYSLOGIHEODMNITILWPIQSGTLHFC
LIGEFAYSYAAMYDKGPFRNKKTLLSITTGESGSMYSLOGVHEDMNVILWPLYSETLHFC
FYEEFAYTLAANYDKGRFQSKKAVLSITTEESESMYSLGE THEDHNVILWRIQSEILHFC
FIGEFAYTYAAMYDKGPFRSKKAVLSITTGESGSMYSLOGIHEDMNVILWPIQSGILHFC
FIGEFAYTYAAMYDKGPFRSKKAVLSITTGESGSMYSLOGIHEDMNVILWPIQSGILHFC

B Cf P T T S S ]

GFQVLEPQLTYSIGHTPEDARIQILEEWKKRLENIWDETPLYFAPSSLFDLNFQAGFLMK
QLTYSIGHTPVDARIQILDGWKKR PLYFAPSSLFDLNFQAGFLMK
QLTYSIGHTPADARIQILAGWKKR PLYFAPSSLFDLNFQAGFVMK
QLTYSIGHTPADARIQILEGWKKR PLYFAPSSLFDLNFQAGFLMK
EPQLTYSIGHTPADARIQILEGWKKRLE!
EPQLTYSIGHTPADARIQILEGWKKRLENIWDE'

PLYFAPSSLFDLNFQAGFLMK

Dan

GLSVGHHLEKSIPTONGVKARK
EQKNKKFGLSVGHHLEKSIPADNGIRARK
KKFGLSVGHHLEKSIPTONGIKARK 2°
KKFGLSVGHHLEKSIPTONGIKARK
KKFGLSVGHHLEKSIPTONQIKARK 27.

EVQ KKFGLSVGHHLEKSIPTONQIKARK 274

N T e D s D D

-0575-65691984-p1m

230
239
230
230
230
230

34-p1lm

240 280
V\AVEEAL
iAVIAL
V\ALEAL
AAVAAL
VAAAAL
VAAAAL

Results Viewers Result Files Submission Details

LYAMNFNPWVI ITGEL PGNF PA ALA GRLSPDIVA LM,
LYAMNFNPWI ITGTL PGNF P A VLA GRLSPDIVA LVI
LYAMNFNP I I ITGHEL P = PV VLA GRLSPDIVA Lvi
LYAMNENPI I ITGEL PANF AA TLA GRLSPDIVA LV
LYAMNFNP I I ITGEL PANF P A VLA GHLSPDIVA LV
LYAMNENP I I ITGKL PANF P A VLA GHLSPDIVA Lvi

(*) conserved amino acids
(:) amino acids with similar size and hydrophobicity
(.) amino acids with similar size or hydrophobicity




Alignment: Clustal Omega

Results for Job ID: clustalo-120240306-181352-0108-64863764-p1m /

Alignments Tool Qutput Guide Trees Phylogenetic Tree

Phylogenetic Tree t
L
Sus:@8.855666,
Crocuta:@.85857)
t@.e8e39,
Lemur: 6. 084835,
L
Macaca:8.82251,
{
Homo: 8. BEREE,
Pan:g@.@8345)
:@.91833)
:@.83577);

Phylogram




Phylogenetic Tree

This is a Neighboutr-joining tree without distance corrections.

Branch length: ® Cladogram © Real

a0 Phylogenetic Tree

GOAT ' This is a Neighbour-joining tree without distance corrections.
HORSH
Equus

Panthe
.. n Branchlength: O Cladogram @ Real

Tree Rendering results

[ MUOWISE_ATP-chepe ndemit_ramsbocase ABCB 1 _0S=Mus_musculus_OX= 10000 _G
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Practical part

Try multiple alignment.

Download five similar sequences from
different organisms. (Hw3)



,advanced” phylogeny analysis
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,advanced” phylogeny analysis
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Practical part

Try building the phylogeny tree using
phylogeny.org

Compare the trees



3-D protein structure: PDB

RCSB PDB Deposit + Search+ Visualize + Analyze ~ Download v Leamn ~ More «

o0 :

N An Information Portal to - ) , I . :
128330 Biological Search by PDB ID, author, macromolecule, sequence, or ligands
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» Macromolecular Structures
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Search Parameter:

# Refine Search

Text Search for: ngol and TAXONOMY is just Homo sapiens (human)

Refinements ©  Currently showing 1- 14 of 14 Displaying =~ 25 Results

ORGANISM
View: Reports: ® Download Files

Detalled . Select a Report Release Date: Newest to Oldest v

pra ctical example

NAD(P)H dehydrogenase [qu ... (13) 5FUQ View File |

Ribosyldihydronicotinamid .. (1)

Homo sapiens only (14)

v

Refine Query CRYSTAL STRUCTURE OF THE H80R VARIANT OF NQO1 BOUND TO
DICOUMAROL
TAXONOMY Medina-Carmona, E., Fuchs, J.E., Gavira, J.A., Salido, E., Palomino-Morales, R., Mesa-Torres,

Rl Ly TR . T | ™Me=r A1l



Practical part

Try PDB.

Find out if your sequence has a 3D
structure.



Enzyme database: Brenda
% BRENDA ||

Classic view The Comprehensive Enzyme Information System /

A new class EC 7, Translocases, is available, now. Read more about EC 7 at the IUBMB.
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EC Browser
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Text-based queries Structure-based queries Explorer $. 4 Lyases (5111 organisms) m ﬁa ]
= Full-text Search = Ligand Structure Search = Enzyme Classification [":'-.l' 3 Isomerases (2083 organisms) m m '
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= Word Maps = | L. . . .-
« Genomes . | |components transferred and the sub-sub-classes indicate the reaction processes that provide the driving

« Functional Parameter force for the translocation.
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Protein Interactions

@STRI NG Search Download Help My Data

There are several matches for 'NQOT".
Please select one from the list below and press Continue to proceed.

organism protein

(m| Homo sapiens NOO1 - NAD(P)H dehydrogenase [quinone] 1; The enzyme apparently serves as a quinone reductase in connection with conjugation
reactions of hydroquinons involved in detoxification pathways as well as in biosynthetic processes such as the vitamin K-dependent
gamma-carboxylation of glutamate residues in prothrombin synthesis; Belongs to the NAD(F)H dehydrogenase (guinone) family

["] Homo sapiens TCF7L1 - Transcription factor 7-like 1; Participates in the Wnt signaling pathway. Binds to DNA and acts as a repressor in the absence of
CTNNB1, and as an activator in its presence. Necessary for the terminal differentiation of epidermal cells, the formation of keratohyalin
granules and the development of the barrier function of the epidermis (By similarity). Down-regulates NQO1, leading to increased mitomycin
c resistance; TCF/LEF transcription factor family /2. k.a. TCF3, Hs.516297, transcription factor 7 like 1]

© STRING CONSORTIUM 2020 ABOUT INFO ACCESS CREDITS
H SIB - Swiss Institute of Bicinformatics Content Scores Versions Funding
. . ) ) References Use scenarios APls Datasources
:* CPR - Novo Nordisk Foundation Center Protein Research
Contributors FAQs Licensing Partners
EMBL - European Molecular Biology Laboratory Statistics Cookies/Privacy Usage Software

ITUULLAaIT I LUHIISL L il \.UII]UgGlIUII Icavuuis v IIyUIULlUIIIUII:l HIVWIVEU I UCiuvAlni.auuna pﬂlllﬂ'clyb as won as
in biosynthetic processes such as the vitamin K-dependent gamma-carboxylation of glutamate residues in
prothrombin synthesis (By similarity). trembl:Q914B4:72%identity; 81% similarity InterPro: NAD(P)H dehydrogenase
(guinone) InterPro:IPRO03680; NADHdh_2. Pfam:PF02525; Flavo [..]

["] Balaenoptera acutorostrata NQO1 - NAD(P)H dehydrogenase [quinone] 1



Protein Interactions

Search Download Help My Data
CRYZ
INFE2L2
Information . .
Nuclear factor erythroid 2-related factor 2; ' .
Transcription activator that binds to antioxidant ] 0 :
response (ARE) elements in the promoter regions H |
.| of target genes. Important for the coordinated up- —_
— i regulation of genes in response to oxidative stress. 480 596
Interaction X May be involved in the transcriptional activation of /
genes of the beta-globin cluster by mediating
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beta-globin locus control region; Basic leucine l .
_ - - - Zipper proteins
NAD(P)H dehydrogenase [quinone] 1; The enzyme apparently Adenosine kinase; ATP dependent phospherylation
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: . . . e A . Organism: Homo sapiens
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P - I - €! Bl "o ¥ =Retseq uipnx;
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Gene Fusions: none / insignificant. vitamin K-dep 1t gamma-, )
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Co-Expression: none / insignificant. Belongs to the NAD(P)H dehydrogenase (quinone)
- - N family
Experimental/Biochemical Data: yes (score 0.869). Show
o St Identifier: ENSP00000319788, NQO1
Association in Curated Databases: none / insignificant. Organism: Homo sapiens
Co-Mentioned in PubMed Abstracts: yes (score 0 527) Show I e! W "Be ¥ =Refseq vop:
Combined Score: 0.935
+ show protein sequence
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10f2
” .~ homology model {P15559 / 5fugh)
L identity 99 6%
Nodes: b
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Network nodes represent proteins Node Color Node Content
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Look into the specific databases

Does your protein have any interaction partners?

Is your protein an enzyme? Find E.C. (Hw)




_Protein bioinformatics Il

Retrieving protein sequences from databases (Uniprot: FASTA formate)

Computing amino-acids compositions, molecular weight, isoelectric point, and other parameters (SMS)
Prediction of proteases cutting (PeptideCutter)

Predicting elements of protein secondary structure, signal peptide, transmembrane helix

Finding 3-D structure

Finding all proteins that share a similar sequence

Finding evolutionary relationships between proteins, drawing proteins’ family trees

Computing the optimal alignhment between two or more protein sequences



Homework 4

Work with ,your” protein.

1) Compare your sequence with the ,,same” sequence from mouse, how identical are they?
2) Prepare multiple alignment of the five sequences from Hw3, snip the phylogeny tree.

3) Does your sequence have any isoforms (search in Uniprot)? Align them.

4) Is there a 3D structure? Snip one figure.

5) Is your protein an enzyme? Find E.C.

E.g use ,vystrizky“ E ,Shipping tool“

»Compile in ,,one note” (or word, or pdf)



Homework 4:example

>>ap|Qed6ed 1 S D i dehydrogenase [quincne) {274 oa i* 4 A A HP
Du4 e e e Aiitean) i:86,5%  Porovni probéhlo v celém rozsahu obou protein(.
(97,.6% similar) in 274 as overlap (1-274:1-274)
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Protein bioinformatics
-]

SUMMARY AND EXAMPLES




Ex1: DHRS/

Find two human DHRS7 sequences: DHRS7B (AAH09679.1) and DHRS7C (AAI47025.1)

Run pairwise alignment. How identical are these two proteins?




Ex1: DHRS/

Find two human DHRS7 sequences: DHRS7B (AAH09679.1) and DHRS7C (AAI47025.1)

Run pairwise alignment. How identical are these two proteins?

>>RLHO0S67%.1 Dehydrogenase/reductase (SDR family) member ({325 aa)
t score: B840; 24&6.0 bits; E(1l) < Se-70
(76.3% similar) in 300 aa overlap (5-301:24-319)
zde je poZadovand informace o identité sekvenci (u

10 prvniho nalpgeného porogpéni) 40 50 &0
BAT470 MLPLLL--LGISGLLFIYQEVSRLWSESAVONEVVVITDAISGLGEECARVFHTGGARLV

BRHOS6 ILPLLFGCLGVEGLFRLLOWVR---GEAYLRNAVVVITGATSGLGEECAEVEFYARGARLV
320 40 0 &0 70 80

70 80 11} 100 110 120
AAT470 LCGENWERLENLYDALI-SVADPSKETFTPELVLLDLSDISCVEDVAREVLDCYGCVDILI

ALHOS6 LCGRNGGRALEELIRELTASHATEVQTHEPYLVIFDLTDSGAIVARARRTILOCFGYVDILV
ga 100 110 120 130 140

130 140 150 160 170 180
RAT470 NNASVEVEGPRHRISLELDERIMDANYFGPITLTEALLENMISRRTGQIVLVNNIQGEFG

RRHOS6 NNAGISYRGTIMDTIVDVDERVMETNYFGPVALTEALLESMI KRRQGH IVAISSIQGEMS
150 160 170 180 180 200

180 200 210 220 230 240
BRAT470 IPFRTTYRASEHAALGFFDCLRAEVEEYDVVISTVSPTFIRSYHVYPEQGNWEASIWEFF

ARHOS96 IPFRESAYAASEHATQAFFDCLRAEMEQYEIEVIVISPGYIHT-NLSVNAITADGSRYGVM
210 220 230 240 250

250 260 270 280 290 300
RAT470 FRELTYGVHEVEVAEEVMRTIVRRREQEVFMANPIPERAAVYVRTFFPEFFFAVVACGVEER

LRHOS%6 DTTTRO GRbPVLVAQDVLAAV(:KREKLJVJ.LADLL PSLAVYLRTLAPGLEFFSLMASRAREE
260 270 280 2480 aao 3140




Ex2: NQO1 isoforms

Find in Uniprot sequences of human NQO1 isoforms and align them.

How many isofroms are there?

Compare the output to description of each isoform, is it correct?




Ex2: NQO1 isoforms

Find in Uniprot sequences of human NQO1 isoforms and align them.

How many isofroms are there?

Compare the output to description of each isoform, is it correct?

o Hint: Uniprot ID: P15559, on the left sequence (3), download fasta formates and align them using
eg.multalin, description is below each isoform (i2:140-173: Missing.)

1 10 20 30 40 50 60 70 a0 90 100 110 120 130
1 |

sp IP155591 HQO1_HUHAN
gp IP15559-2 | HOO1_HUH
sp IP15559-31HOQ01_HUH

Consensus

sp |P15559 1 HOO01_HUHAN
sp IP15559-2 1 HOO1_HUH
sp IP15559-31HOQ01_HUH

Consensus

sp |P15559 1 HO01_HUHAN
p IP15559-2 1 HQO1_HUH
p IP15559-31HOO01_HUH

Consensus

HYGRRAL I¥LAHSERTSFNYAHKEARARALKKKGHEYYESDOLYAHNFHPTISRKDI TGKLKDPANFAYPAESYLAYKEGHL SPDIYAEAKKLEARDLY IFOFPLOHFGYPATLKGHFERVFIGEFAYTYA
HYGRRALIVLAHSERTSFHYANKEAARRALKKKGHEYYESDLYANNFHPTITSRKDITGKLKDPANFAYPRESYLAYKEGHL SPDIYAEOKKLEARDLYIFAFPLAHFGYPAILKGHFERYFIGEFAYTYA
HYGRRALIYLAHSERTSFNYAHKEARAARALKKKGHEYYESDL Y AHNFHPTISRKDITGKLKDPANFOQYPAESYLAYKEGHLSPDIVAEOKKLEARDLYIFQ
HYGRRALIVLAHSERTSFHYANKEAARAALKKKGHEYYESDLYANNFHPIISRKDITGKLKDPANFAYPRESYLAYKEGHLSPDIYAEQKKLEARDLYIFAf plquf gvpailkgwfervfigefaytya

131 140 150 160 170 180 190 200 210 220 230 240 250 260
| |
ANYDKGPFRSKKAYLSITTGGSGSHY SLOGIHGDHHY ILHPIOSGILHFCGFOVLEPOLTYSIGHTPADARIOILEGHKKRLENIHDETPLYFAPSSLFDLHFOAGFLHKKEYODEEKHKKF GLSYGHHL
AHYDKGPFRS GILHFCGFOYLEPALTYSIGHTPADARIOILEGHKKRLENIHDE TPLYFAPSSLFDLHF OAGFLHKKEYODEEKNKKF GLSYGHHL
--------- SKKAYLSITTGESGSHYSLOGIHGDHHYILHPIOSGILHFCGFOYLEPOLTYSIGHTPADARIOIL EGHKKRLENIHDE TPLYFAPSSLFDLHF OAGFLHKKEYODEEKNKKF GLSYGHHL
anydkgpfrSkkavlsittggsgsnyslqgihgdanvilwpiqsGILHFCGFOVLEPOLTYSIGHTPADARIOILEGHKKRLENIHDETPLYFAPSSLFDLHFOAGFLHKKEYODEEKHKKF GLSYGHHL

261 270 274 —

eyt Isoform 2 (identifier: P15559-2) [UniParc]| FASTA|

GKSIPTONQIKARK . _ -

GKSIPTDHOIKARK The sequence of this isoform differs from the canonical sequence as follows:
GKSIPTONQIKARK

140-173: Missing.




Ex3: sequence identification

What is the proposed function of unknown protein? (Ex3 in Moodle)

What organism does it come from?

Does the ,,unknown sequence” have any transmembrane helices?




Ex3: sequence identification

What is the proposed function of unknown protein? (Ex3 in Moodle)

What organism does it come from?

Does the ,,unknown sequence” have any transmembrane helices?

4 WEBSEQUENCE Length: 1032
# WEBSEQUENCE Number of pre

4 WERSEQUENCE Exp mumber,
# WEBSEQUENCE IoTal prob of F-in
M3 .

WEBSEQUENCE 1 ae
WEBSEQUENCE TMHMM2 .0 THnelix 482 504
WEBSEQUENCE TEMM2 . 0 inside 505 508
WEBSEQUENCE THEMMZ .0 TMelix 509 531
WEBSEQUENCE THEMMZ .0 outaide 532 1001
WEBSEQUENCE TwEMM2 . O Dimelix 1002 102
WEBSEQUENCE TuEMMZ .0 inside 1028 1038

probatility

Graphical summary B show extra options =

acceptor substrata-bind

Query seq, Lwl

TOP-bine

Specific hits
Superfanilies Glycosyltransferase_GTB_type superfamily

800 1000

outside

transmernbrané inside

‘D UDP-glucuronosyl UDP-glucosyliransferase domain containing protein [Haemonchus contortus 2152 2152 100% 0.0 100% CDJ89503.1




Version 07/04/2022

A} Work with the following sequence obtained after sequencing (also in Moodle):

AT TTI TG T A AT T T T T A TR R e T AT A R TR TTCCGGATTATTCATACCGTOCCACCAT
e e e AT T T T T T AT T A AT A G A R e R e n R GO T T ACATATGGRAGAGAT CRARACAGTR

PR T T T R T T A R A S T T RS A T R S T A TR SR AR T TA TR T AR T TR A L A T AT

B) Find a human protein sequence called FOX1

« What is the accession number and function of this protein?

* Does this protein have any transmembrane regions?

* How many cysteines does the sequence have?

+ Compare how similar the protein is to the respective mouse homologue?

¢« Design primers to amplify the CDS of respective gene.

s Compare how similar the protein is to the respective mouse homologue?

* Design primers to amplify the CDS of respective gene.
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