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Review: Tips and tricks

Making a file executable:

chmod "a+x" pydotter.py
Handling file/directory names with spaces:
cd My\ Directory\ with\ Spaces

or

cd "My_Directory._with_Spaces”
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Review: Tips and tricks

Killing a process on OS X:
o Try ctrl-c
o If that doesn't work:
e ps —awx | grep name_of_process
e First column in ps output is PID (process ID)
o kill PID

o If that doesn't work:

kill —KILL PID
@ On Linux:
ps —ealf | grep name_of_process
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Review: Content

o FASTA files

>Name Free-form annotation

MGCLLIMKEGGPGRKHKLIVMLYLDENQ
EHELPIMTRAPPEDINADNAMACHINEW
NQEDLYMNILKHGPPGEDEDRKHEDEDG
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Review: Content

o FASTA files

>Name Free-form annotation

MGCLLIMKEGGPGRKHKLIVMLYLDENQ
EHELPIMTRAPPEDINADNAMACHINEW
NQEDLYMNILKHGPPGEDEDRKHEDEDG

@ Dotplots: unbiased plot of all possible ungapped alignments of
two sequences.
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Pairwise Alignment

How can we automate our dotplot protocol to find the “best”
gapped alignment of our sequences?

N
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Pairwise Alignment

How can we automate our dotplot protocol to find the “best”
gapped alignment of our sequences?

What do we mean by best?
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Pairwise Alignment

How can we automate our dotplot protocol to find the “best”
gapped alignment of our sequences?

What do we mean by best?

@ Residues with equivalent functional
roles are paired

N\
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Pairwise Alignment

How can we automate our dotplot protocol to find the “best”
gapped alignment of our sequences?
What do we mean by best?

@ Residues with equivalent functional
roles are paired

\ @ Residues that derive from the same
\ position in the common ancestor
are paired (homology)
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Pairwise Alignment

How can we automate our dotplot protocol to find the “best”
gapped alignment of our sequences?

What do we mean by best?

@ Residues with equivalent functional
roles are paired

\ @ Residues that derive from the same
\ position in the common ancestor
are paired (homology)

@ The sequence alignment maximizes
a similarity function
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Deriving scores from alignments

Frequency of residue i:
Pi

Mark Voorhies Pairwise Alignment



Deriving scores from alignments

Frequency of residue i:
Pi

Frequency of residue i aligned to residue j:

aij
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Deriving scores from alignments

Frequency of residue i:
Pi

Frequency of residue i aligned to residue j:

aij

Expected frequency if i and j are independent:

pipj
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Deriving scores from alignments

Frequency of residue i:
Pi

Frequency of residue i aligned to residue j:
qij

Expected frequency if i and j are independent:
pipj

Ratio of observed to expected frequency:

qij
Pip;
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Deriving scores from alignments

Frequency of residue i:

Pi
Frequency of residue i aligned to residue j:

qij
Expected frequency if i and j are independent:

pipj
Ratio of observed to expected frequency:

i

Pip;
Log odds (LOD) score:

s(i,j) = Iog%
1F])
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PAM (Dayhoff) and BLOSUM matrices

@ PAM1 matrix originally calculated from manual alignments of
highly conserved sequences (myoglobin, cytochrome C, etc.)
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PAM (Dayhoff) and BLOSUM matrices

@ PAM1 matrix originally calculated from manual alignments of
highly conserved sequences (myoglobin, cytochrome C, etc.)

@ We can think of a PAM matrix as evolving a sequence by one
unit of time.
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PAM (Dayhoff) and BLOSUM matrices

@ PAM1 matrix originally calculated from manual alignments of
highly conserved sequences (myoglobin, cytochrome C, etc.)

@ We can think of a PAM matrix as evolving a sequence by one
unit of time.

@ If evolution is uniform over time, then PAM matrices for larger
evolutionary steps can be generated by multiplying PAM1 by
itself (so, higher numbered PAM matrices represent greater
evolutionary distances).
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PAM (Dayhoff) and BLOSUM matrices

@ PAM1 matrix originally calculated from manual alignments of
highly conserved sequences (myoglobin, cytochrome C, etc.)

@ We can think of a PAM matrix as evolving a sequence by one
unit of time.

@ If evolution is uniform over time, then PAM matrices for larger
evolutionary steps can be generated by multiplying PAM1 by
itself (so, higher numbered PAM matrices represent greater
evolutionary distances).

@ The BLOSUM matrices were determined from automatically
generated ungapped alignments. Higher numbered BLOSUM
matrices correspond to smaller evolutionary distances.
BLOSUMBG? is the default matrix for BLAST.
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BLOSUMS80
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BLOSUM®62
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BLOSUM45
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Fun with logarithms

In log space, multiplication and division become addition and
subtraction:

log(xy) = log(x) + log(y)
log(x/y) = log(x) —log(y)

Therefore, exponentiation becomes multiplication:
log(x”) = ylog(x)
Also, we can change of the base of a logarithm like so:

loga(x) = log(x)/log(A)
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Scoring an alignment

Log odds (LOD) score:
ay

s(i,j) = log e
iPj
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Scoring an alignment

Log odds (LOD) score:
s(i.j) = log -
pipj
Multiplying independent probabilities is equivalent to adding
independent log probabilities.
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Scoring an alignment

Log odds (LOD) score:

s(i.j) = log -
pipj
Multiplying independent probabilities is equivalent to adding
independent log probabilities.

Therefore, for an ungapped alignment can be scored as:
N

N
qi i

S(x,y) =log ][ ﬁ = s(xi, )
i XiFYyi

1
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Scoring an alignment

Log odds (LOD) score:

s(i.j) = log -
pipj
Multiplying independent probabilities is equivalent to adding
independent log probabilities.

Therefore, for an ungapped alignment can be scored as:
N

N
S(x,y) =log ][ pqxi'py' = s(xi, )
i XiFYyi

1

What about gaps?
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Scoring an alignment

Log odds (LOD) score:

s(i.j) = log -
pipj
Multiplying independent probabilities is equivalent to adding
independent log probabilities.
Therefore, for an ungapped alignment can be scored as:

N N
q iYi
S(x,y) =log ][ ﬁ = s(xi, )
i XiFYyi

1

What about gaps?
@ Probability of an insertion/deletion event (gap opening, G)
@ Length distribution of insertions/deletions (gap extension, E)
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Scoring an alignment

Log odds (LOD) score:

qij

i

Multiplying independent probabilities is equivalent to adding

independent log probabilities.
Therefore, for an ungapped alignment can be scored as:

s(i,j) = log

N N
q iYi
S(x,y) =log ][ ﬁ = s(xi, )
i XiFYyi

1

What about gaps?
@ Probability of an insertion/deletion event (gap opening, G)

@ Length distribution of insertions/deletions (gap extension, E)
gaps

Sgapped (X, ¥) = S(x,¥) + ) _ (G + E *L;)

1
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Scoring an alignment

Log odds (LOD) score:

qij

i

Multiplying independent probabilities is equivalent to adding

independent log probabilities.
Therefore, for an ungapped alignment can be scored as:

s(i,j) = log

N

N
qi i

S(x,y) =log ][ ﬁ = s(xi, )
i XiFYyi

1

What about gaps?
@ Probability of an insertion/deletion event (gap opening, G)

@ Length distribution of insertions/deletions (gap extension, E)
gaps

Sgapped (X, ¥) = S(x,¥) + ) _ (G + E *L;)

1

We find an optimal alignment by finding x and y that maximize S.
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How many ways can we align two sequences?
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How many ways can we align two sequences?




How many ways can we align two sequences?

0,0.0.0.0.0.0.0.0.0.0.0.0.0




How many ways can we align two sequences?

Binomial formula:

Stirling’s approximation:

x! =~ V27 (XX+%) e X

2n\ _ 2%
n - VTTn
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Scoring an alignment quickly

2n . .
% IS too expensive.
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Scoring an alignment quickly

2n . .
% IS too expensive.

gaps
Sgapped (X, ¥) = S(x,y) + > (G + E * L;)
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Scoring an alignment quickly

2n . .
% IS too expensive.

gaps
Sgapped (X, ¥) = S(x,y) + > (G + E * L;)

The best alignment of any pair of subsequences is independent of
the global alignment.
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Dynamic Programming




Needleman-Wunsch Global Alignment

N\
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Needleman-Wunsch Global Alignment

ATGC

g ATGC

N\
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Needleman-Wunsch Global Alignment

ATGC

ATGC ATGCTTCG
l<.’"ATGC...G
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Needleman-Wunsch Global Alignment

ATGC
ATGC ATGCTTCG
g ATGC...G
ATGCT \\

ATGCA
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Needleman-Wunsch Global Alignment

ATGC
ATGC ATGCTTCG
g ATGC...G
ATGCT \\

ATGCA

ATGCATATGC
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Alignment speeds

o DOTTER: O(n?)

. . 22n
@ Exhaustive search: NG

e Dynamic programming: O(n?) to O(n3)
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Setting gap penalties in CLUSTALX

X ¢ Alignment Parameters DEHRENEES
™ Pairwise Parameters 2 ¥ @ x S
| ok
‘LJ Multiple Parameters
Slow-Accurate ~
Gap Opening [0-100]: 0
Slow/Accurate Pairwise Parameters | Fast/Approx Pz < »>
Gap Extension [0-100]: 4]

Gap Opening [0-100]: |0 Delay Divergent Sequences(%): | 30

Gap Extend [0-100]: 1] DMA Transition Weight[0-1] 0.5

. . . Use Megative Matrix off v
Protein Weight Matrix

BLOSUM 30 PAM 350 s Gonnet 250 Protein Weight Matrix
Identity matrix . User defined BLOSUM series PAM series User defined

* Gonnet series Identity matrix
Load protein matrix:

Load protein matrix:
DNA Weight Matrix
. lUB CLUSTALW(1.6) User defined DNA Weight Matrix

e lUB CLUSTALW(1.6) User defined
Load DNA matrix:

Load DNA matrix:
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Annotating features in JALVIEW

] Jalview 2.3 v o x
le Tools Help Window

T IESIRIG] o e T X Te/ProjecteiC —— - . ]

File Edit Select View Format Colour Calculate Web Service File Edit Select View Format Colour Calculate Web Service
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Annotating features in JALVIEW

o

le Tools Help Window

Jahiew 2.3

T IESIRIG] — ]
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File Edit Select View
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Format Colour Calculate Web Service

1 BT RELRDALEARVID LB VPR £ A cGEVE 1 AL 3
1 MKWLLLLSLVVLSECLYKVR - - - - - LvBlkks2e |=

55 KRB0 iisfU 1886 e £ofF L IEEANFLRsEEE 70
27 LlonL | NGRIL KD F Lx THKHNE - ASIKMF PEAAAL | 60
73 681 /AL i ABFG = (SR T P« FUTFBITCE 100
616D - EPLENYLD TEYFGT 16 1GIPAGID F IV FBTGS 34
106 BRCWAPEAKE - F BIAE Y LHs R fx G| KKNBK 140
95 BHLUVPSVYES - SLAGSOHNOFNPODSSTRE ATS0 128
141 P4 o FEEEN « 6WIF s £ BV T G0 L kDEEF | EA175
123 ELs | THGGEM 61 LGYDEVOVGG I 5D TN | FGLS 163

176 TKEFE T FLVAKFBETIGLGE « ¢ IBVG KK FWi Y k 210
164 ETEPGSF LYWAPEDIG I LGLAMPS I BASGATPIEDN 138

711 M1 c@GLVE0PUEBENL B £Gc GG« [IFSGHBE 20
155 LWBBGLVE0D LFEVIL s SNDBlS - - G5 VMLLEG 15 231
246 KB cHl T RURVo « BRWEIF o MED UL V66 « s [JEFE 200
232 SHM TGS LINWVPVEY EGMNGLTLD S I TMD - £ | AG 255

261 ABEEARTABBCTELLAGE AT T £[in e K IGRAGYY 315
265 56GE0AIVE LUTePMsAlaNI0SDIGAS - - - 257

16 SQECKT 1 vSQYBO0 1LDLLLAETOBKK I CsQvELC 350

351 TEOBTREVSAB RS VVDDERY K SNBLRADBMC SAC 385

211-508
26 46041gh 144432096 111-355
(2690 ¢fernb|cas35602 111 505"
26 46041gh 144432096 111-355
(2690 ¢fernb|cas35602 111 505"
larl26460+Igk|44432096.2/3-383
(2690 ¢fernb|cas35602 2111505
lrl26 46041gh 44432096 2/1-355

421 G Ao EEELEEHPB  FIGE « K FRLK P e K 455
502 GEMV1I56/5 810 BLPBIVETINGYOMPLS P sANILO 336
456 VBEBAAQH | [BEF T AMBIPPF RGP EWIEGBVEHGH 430
337 00B - - - - SETEGFEGMDVP TS 56 ELWILEBYE | RO 367

a1 v 6 LIGERKAR s08
P RANNBVGL APYA 65

File Edit Select View Format Colour Calculate Web Service
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Annotating features in JALVIEW
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16 604IghiAada10n6 111355 295

(290 ¢fermb|cassseo2 111-505 421 G VD ECHUGEMP B < FI66 K K FAL K e e FIL k 455
(16 4604Ig|44432096.217-385 302 GEMM IS E 5| IVERINGYOMPL S Ps AMI L0 336

(2690 ¢fermb|cassse02 111-505 455 VEEBAAACE | BEHT Al
B GF E oM

REPLWILEBVEMGH 450
16460415k }44432096.117-985 387 DO

VP TS SGELWI LGBV I RO 367

mslmswlwz;lmsw;umzl\stzsmm

INBvoMPLSFsARILe - 0BDS - 340

452 A | B6F T AWBJiIP P RGP LW ECBVFHGF WHIUF >
541 - -GTBGR EGMBVP T 5 56 E LW LGDVE | R0 MYRVE 372

IVE:

lo[2690 ¢fermb|cassseoz 112-505 491 R 6 L RIGHAK AR s08
16 604lghlaasazons 21 55 363 RannveLAPVA 65

[Feauence 2 D_gil164604]ob[AAA31056 1]
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Annotating features in JALVIEW

] Jalview 2.3 v o x
le Tools Help Window

T IESIRIG] o e T X Te/ProjecteiC —— - . ]

File Edit Select View Format Colour Calculate Web Service File| Edit_Select View Format Colour Calculate Web Service

Fetch Sequence(s).

lossodemblcassseozain-sos 1 METRELKEACEARVILL BT VIPRRS £ AcGIVE 1 AL B avLFio THITRA ABER EUVEITA 54
leili6 04ighlaaazione 22385 1 MKWLLLLSLVVLSECLVKVR - - - - - LuBkks2e ||| Add Sequences Yiso-Lv- - ue 20 ||
Ll Retoad
2250 4lermbloasssson 2)-505 36 KFRETOER VA TEUSE6E oL BEANFL RsEEE 70 L o, BemscgerLE P o
lal264608lgi aAz1096 212-355 foriL | RNGRIL K0 Lk THKHN P - ABKMF REARAL 1 60 Save ctrs LllkngKL - e
tl4shifs
inesoembicascos ya-sos 71 681 AT NN BEG TGVTE P« ARV IFBRCR oo L - -8B Al i ABFEG  [TGVER 52
26 4606lgi aaziose 112-55 EPLENYLD TEVFG T 16 1 GIPABID F IV I FBITGS 34 Output to Textbox »|L 16B- epL h¥LO TENFGT 16 IGH o1
2650 deombicassseoz 212505 106 ERCUVPEIAKE - BITAE v L[S K KGABEN « knEK 100 P ESTDa GEENLWFBAK B FBIAG Y LS 126
lrl264601gilaAAs1096 111355 55 BNLWMPEMYGS - BLAG SOHNC ENPODBSTREAT 50 128 Print . cuie B v BB s BLAdoBno 11
2550 4lecmblcanssson 212505 141 FAA T o GBI AGWF|s £ BV TVGO v kDB R 1 €A 175 Export Image > kNG ERA o FETEEI  GWF | <Y 150
lrl16460¢1gh144431096 111-385 123 ELSIT h76.1LGYBEVO VGG 15D TN | 6L 5 163 Export Features. TSQELSIIT MG 1L GBI 148
#2850 4lemb [CA435602.2)2-508 176 TKEIPG | T FLVA K FBIETLGLGE « € [IBVE K A Pl « 210 e ARl o EE-lies] ?s\ FLY - A FBEIT 152
(oil264604I54}44431096.22-355 164 E TEPGS F LMMAPFDIG | LGLANP S1SASEATRVEDN 158 Load Associated Tree | FELsE] FLNYAREDG I L 150
issodems Coscoson 1330 711 MIC@GLVE0PUEBENLN B £Gc GG« [TFGGMBE 2:0 Loadeaturesl/Annotations KAV BT Kl BTN
et otigh Ansazo%e 1171555 GLVB0DLESVILS SHoBlS - -BSVWLLEG 1BlS 251 Close e Caveve
512850 lemblcan39602.212-505 245 i~/ el TRVP Vo « GRWEIF o MG DV L VGG « s [fGFE 250 225 il R HVBE BB [NIFEEHMBE < 6 < T BUFUR 20
rl64606igh|aAta1056 2/1-355 252 SN TGS LNWMPVEY EGMWELITLO S 1 TMDG - I 1 AG 263 213 ML s 50 - BBIS - 65 VLGS 1B S WM TGS LN WP 264
2650 deomblcassSe02 212505 251 ABGEARTABEEHELTACRRAT T <l e K [IERAGY Y213 259 0 EFWAFOMEB - 1 WEE KB 76 F §2GE6ARTABEG 251
lal264600lgilanas1on 111355 266 SEGEOAIVI LLTaPMsAllAN SDIGAS - - - 257 245\ EGMWOLI L - B3 I TMDBEM 1 A - 856660 A IVBTG 276
2650 deomb|CAASSE02 202508 916 SQECKT 1 v5QYEQQ I LDLLLAETORKK I c5ovELC 30 252 [EEUAGFR AT e 1 je K [8AaBvvsBeck T1vBo 225
lrl26460¢10#144421096 2/1-395 277 ML TGRS AL [ 8o

1850 femblcAszseo2 1)2-508 351

526 ¥BaQ 1 LBLLLAETOBKK[[CsQvELC TFDETREVS 359
[rl26.46041gh|44432096.211-385 298 - B o5

211508 36
16 604IghiAada10n6 111355 295

(1890 ¢femmb|cAs3S602 112505 421 slsA\/DcsILGIM?I\ z;lmsw;uwzzl\ D45

(16 4604Ig|44432096.217-385 302 GEMM IS E 5| IVERINGYOMPL S Ps AMI L0 336

1850 femblcassseo2 11-505 456 VEEBAAACE | BEHT A RGPEWIEGBVEHG 430 22 BEEG v EBI FIIGE  <EAL KB < Ik BcBian w1
[orl26460¢/ghj44432096.2)2-365 337 DDB GF EGMBVP T3 SEELWILEBVE | Ro 267 - - IvERINGvoMPLSP s AL - DBDS - 340
150 4femblcasze02.212-505 m.wlvsulmmm;\ s08 452 A | B6F T AWBJiIP P RGP LW ECBVFHGF WHIUF >
16 604lghlaasazons 21 55 363 RANNBVGL APYA 385 241 - (GFEGMBIVFT S 56 E LWILGBVF | R0 MMTVE 372
[Feauence 1 D-qi[18504[mb|CAAS5602 1] Residue: LEU (351 [Sequence 2 1D o1/ 164604]gb|AAA31096 1] Residue: v (251
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le Tools Help Window

T IESIRIG] o e T X lelProjecteiC —— - 5 ]

File Edit Select View Format Colour Calculate Web Service File Edit Select View Format Colour Calculate Web Service

1690 ¢fermblcassseo2 112505 1 METREL AUADUARUETLE T ULFAAS £ A c6LUR 1 AL3s 1 M6 THLAEARE v L B0 THEF A ABEAE SEVRITA 3¢
i6604oh|AAAS2096 211385 1 MIWLLLLs LUVLSECLU KV - - - - - Luilkis2e |= 1 L-L-Lrs- - - - ez ||
laizssosfemblcassseoz)a-505 36 KRRBIOENsEYATEUsEEE e IBEANFLR s EEE 0 || o B BRI o B egerEn Flee
lorl2646.0¢Igh}44431096 12385 S LKDF LK THKHNE - ABKMF PEAAAL | 60 21 Vil ONLIKNBKL - - - KB- - FL HKH P ag

(1590 4fernb|eAA35602 11-505 71 B
26 46041gh 144432096 111-355

(1690 ¢femmb|cAA39602 112-505 108 .va?IAKcVFI\ ACVLIS R.KASA'K KnBlk 140
3

26 6041gh}44432096 1171355 95 BMLWVPSVYE'S - SLAGSDHNOENPED EaTs0128

1AL GG TGO P8 R IEBINGE 100 B s EE,,,GIWMKlMNA.mwsIsz

EPLENYILD TENEG TG I G AGID F TV OGS4 — 6B L ENNLD TENEG T GG
Export Features

DTGB g E  BIAT o e

GSSMLWY RSV G5 - BLAGSOHNC 114

PR 2o W e Vs

EATSOELS I THGMGSH 16 1LGYDEY 148

Bl I A
1EBLsE FLNYAREDG I L 150

Format: O Jalview ® GFF|

(190 ¢femmb|cAA39602 1)2-505 141 ?AA\QIGIGI\AG.FSE.\/T\/GDL\/\/KDIEF 1EaLrs

rli6460¢lgh|AAd32096 1)1 365 125 ELSIIT MG 1 LGYDIVOMGG 15D TNE | FGL 5163 "
reseod Vl toFile || toTextbox

2590 ¢fermb|cassseoz 113-505 176 TKERG | TFEVA K FBIGNILGTGR « € U6 K Av P « 210
(oil264604I54}44431096.22-355 164 E TEPGS F LMMAPFDIG | LGLANP S1SASEATRVEDN 158

[pesosembicascsoz is0s 21 e ST BERERN | < B [NEGEHEE -« 193 GEGE|« £ 1§V - 6 K AV ki EFGLW]

o126 4604Ig}44431096. 212 55 (GLVS0DLESVIL S SNDBlS - - 65VMLLGE 1Bls 231 181 GLAMPSISASG - ATRVE

512850 lemblcan39602.212-505 245 i~/ el TRVP Vo « GRWEIF o MG DV L VGG « s [fGFE 250 225 Wil R HvBEBEBEE I FGEMBE < ¥ V8 cfi T VP U 255
(o126 4604Igk}44431096. 12855 232 SN TG 5 LNWVP IS EGYWOITILD S I TMDG - EIF | AG265 213 L5 5N - DBIS -6 SVMLLGG 1D S S TGS LN WP LS 244
512890 tlemi|CAA39602 212-505 251 AGEE AT ABBGBILL AGP TN T € i € K [IGAAGY v 15 259 0 K GIWAIF O MGB - 7L VGG [§ 16 7 §46EE A RIADES 251
[oil264604I54}44431096.1)/2-385 266 SBEEOAI VI LLTGRMsA AN OSDIGAS - - - 257 245 VEGNWRI TL - D5l TMOGEM 1 A - E5GECOA I VDG 276
512890 tlemi|CAA39602 21/2-505 316 SQECKT 1 VS0 ¥B0Q I LDLLLAETORKKICsOVELCs0 292 [ELL BRI T | e i@aaGyvysBeck T1vEo s25
[oi126.4604|0}44432096.2|2-385 277 MBLLTERMsALA Weeees g2

1850 femblcAszseo2 1)2-508 351

526 ¥BaQ 1 LBLLLAETOBKK[[CsQvELC TFDETREVS 359
[rl26.46041gh|44432096.211-385 298 - B o5

211508 36
16 604IghiAada10n6 111355 295

(1890 ¢femmb|cAs3S602 112505 421 slsA\/DcsILGIM?I\ z;lmsw;uwzzl\ D45

o126 4604Igk}44431096 11355 302 GEMMIISES IVERINGVOMPLS PsAMI L0 335

512890 tlemi|C4439602 212-505 456 VBEBAAACE | BOR T Al REPLWILEBVEMGE 430 +zo S - ER R R R c R c HeBx a2
[oili6604ighAnsz1096.22-885 337 DOBI GF EGMBVP T 5 56 ELWILGDVE I RQ 367 - - -PBIVERINGVOMPLSPsANILe - DBDS - 340
12890 tlemblcasaneon 212-505 431 NRWED v 6k LHTGFAKAA 08 462 A0ff | BGF 1 AMBIF PR RGP LWILEBVEMGR FHTVF 455
loili6460¢Ighlaniat0s6.22-385 368 rannBveLapvA 385 341 - GF EGMBIVP TS SGE LI LGBV I RQ MMTVE 372
[Sequence 2 ID: gi|1646040b[AAAS1056.1] Residue: ILE (79) [Sequence 2 1D: gi[164604[gb| ARAS1056.1] Residue: PHE (210)
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o z

le Tools Help Window

NEpS S— X lelProjecteiC ——

File| Edit_Select View Format Colour Calculate Web Service File Edit Select View Format Colour

Calculate Web Service

Fetch sequence(s)...
ARV BT VPR £ A GOV 1 AL 2
Add Sequences 'stwsl I

CLVKVR - - - - vk s 26 211305 =
Reload
6 sEEE oL IEEANFLRSEEE T
Save tel-S LKDFLKTHKHNE - ABKMF PEAAAL | 60 07116460 ¢Ibl44431096 /7 355
Save As. Hlishifes
ABWFG =[GV PE K FVIFBICE 105
Output to Textbox » b TEWIFG TG IGIP ABD F T I FBITGS 34 6460 4ighj44432056.2)2 353
Page Setup ...
1 TAG v L [ R« G A BB < kB 140 TGS e
print ... e LAGSOHNOENRODBSTREATS0126 | |lolsssosighlanssions.ala-ass 0 114
Export Image »

14 BHIF s £ B8V TWEo L KDBEF  EA175
761 L6 YBEVOVGG I 5D TN | FGLS 163

Export Features..
Export Annotations.

TR 5N  EBB 160
MG 140

lo1646041gb}4.44312096 21385

(2690 ¢fernb|Cas35602 111 505"
26 46041gh 1444312096 111-355

246

(1690 ¢fermb|cassse02 111505 261 AGEE ARIADEGHELUAGF)
26 46041gh}44431096.1/71-855 265 SGEE0A I VDTGRSL L TGF)
o289 ¢fermb|cas3s602 112-505 315 SQECKT 1 vsavBaa LDL
lrl16.460419}44432096 2171355

250 4femb|caszseo2.2)2-505
26 46041gh}44432096.211-355

351 TEDETREVSAB I RS VVDD

211-508
26 46041gh 1444312096 111-355

o290 ¢fermb|casaseo2 111-505 421 B s VD BGBUGEMFB< F
[of26 46041gh}44432096 2171355 302 GEMMI'SE SBADBLFDIVE
(2690 ¢fernb|cAs35602 111 505"
26460419k |44432096.2/3-383

(2690 ¢fernb|cas35602 2111505
lrl26 46041gh 44432096 2/1-355

a1 v 6 LIGERKAR
P RANNBVGL APYA

456 VBE@A 0 | B T AMBIPPE v
237 008 - - - - SGTHEF EGMBVI

[ 8 el T VRV « BFWEIF o MEo U L UEE « s[EFE 250
SN TG S LINWVPASY EGMWNTILD S TMDE - £ 1 AG 265

AT T i K TERAGYY 315
sallanliospliGA’ - - - 257

LLaETOBKK I €s0VELC 350

166 K KERLK e eI « 455
InGvolPLsPs AR Lo 336

GFLWI LGBV MEP 490
P75 SGELWILGDVE I RQ 367

R FBIGTIGUGH « € IEVE K Ay PV « 210 GT 152
Load Associated Tree JARFDIG I LGLAWFS ISASGATPWEDN 138 01126 460 415144431096, 2172 355 ILs0
Load Features / Annota

L ERFE <] cacac FGowgr s F 220
close s LFBVALS SNOBlS - -BSVMLLGG 5251 | |(lolreseosighlassaions. 1a-3as N 212

lor126 460 15144432096 212 355

o 26.4604Ighj4.4432096.2)2 385

lor[16.460 410144432096 212355

lor126 460 15144432096 212 355

lor126 460 15144432096 212 355

lor126 460 15144432096 212 355

o 16460-1gb}44431096 211383

o 26 460 151444312096 212 355

LET RN LD 7 B
T LN WP

=2 CYOWGEOHGH UGG

Zaves

292 B ABERAINTE L

277 MGLL TGRIS A A

o2 YBRQ T LBLLLAETQBRYICSQVBLE TEOBTREYS 0
237 g s

260 LI R:IvvnnIP vEINs LRADEME SACIMA\/\/WMQ 253
26 A B B NEYE- - oo- =

oo KOLAQHR TEDLIICA7UNO LA LERFI A ARRE o2y
206 - a2

422 B

5 BE o EBIY
A1 TP
ETBGREG)

{;
i

461

e

[Eeauence 2 ID-_gi[164604]ob[AAA31056 1] Residue: Vs (2

[Eeauence 2 1D o[ 164604]gb|A2A31096 1] Residue: GLY (80)
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o

le Tools Help Window

Annotating features in JALVIEW

Jahiew 2.3

o' F X

=

File Edit Select |View| Format Colour Calculate

Web Service

?AASEAEGL\/.\ALZS
[ 52

New View i1
(2590 ¢fernb|cas35602 1
164604105 }44431096.1
loit6 604igh}aa431096.2  Show »
Hide

FLIEEANPL RS EEETD
P-ASKNFPEARMAL 60

a6 4604151}44432096.217 [ Show Annotations

P EVIFBICE 105
5P AQOFTY I FDTGS 5

laizss04femblcassseo22] ¥ Show Sequence Features

itesso04iglans51096.117 Eat e S SHHINGANT

2| Alignment

< A K KNEK 190
FNPODBSTEEATS0 128

Overview Window

12590 ¢jernb|cas35602.
Crcrcorionnssrons 1 a6 164
{1850 4femb 4435602 111-508°
26 46041gh 144432096 111-355

711 MIc@GLVEOPUEBENLN
LwBBG LS00 LESVILS SND)
(2690 ¢fernb|cAs35602 111 505"
26 46041gh 1444312096 111-355

246

(2690 ¢fernb|cAs35602 111 505"

lol26.46041gh}44431096.1/71-355 266 SGGEOA I LiTer:

(2590 ¢fernb |cAA35602 211505
lrl16.460419}44432096 2171355

26

250 4femb|caszseo2.2)2-505
26 46041gh}44432096.211-355

Y

e

211-508
16 604IghiAada1096 111355 295

(2690 ¢fernb|cAs35602 111 505"

2650 lecmbloanssson 212-505 456 VBEBAAACE | [BR T AR
laila64604Igh aaazi0s.a|a-2es 337 DOBI G F E GMI
2550 lemmblcanssson 112-505 491 FREED) v Bk L FTGFAK AR
o6 ec0nlghlanastons 211355 s65 MMTMEDR ANNRVGL APVA

Y U= i A

IEGEEGE\ \FGGMIFZOS

[ 8 el T VRV « BFWEIF o MEo U L UEE « s[EFE 250

SN TG S LINWVPASY EGMWNTILD S TMDE - £ 1 AG 265

261 ABEEARTABBCTELLAGE AT T £[in e K IGRAGYY 315
sallanliospliGAS -

SQECKTIvSQYEeQ ILDLLLAETORKK I csavELessy

1 421 G Ao EEBLEEHP B = FHIGE « K FALK P = cEK 455
[oi2646041gh144432096.117-385 302 GEMM L 5@ S BIDBLPBIVERINGVOMPLS PS AMILO 336

AP TS SGELWI LI

WeolvvkoBEr 1 Ears
WGE1sD TGl FEL S 163

G K Y Bk 210

JBSVMLLGEG DS 251

297

REPLWILEBVEMGH 450
VE I RQ 367

285

v 26 460 151444312096 212 355

lor126 460 15144432096 212 355

lor126 460 15144432096 212 355

lo1646041gb}4.44312096 21385

o 26 460 151444312096 212 355

v 26460 151444312096 212 355

lor126 460 15144432096 212 355

o 26.4604Ighj4.4432096.2)2 385

lor[16.460 410144432096 212355

lor126 460 15144432096 212 355

lor126 460 15144432096 212 355

lor126 460 15144432096 212 355

o 16460-1gb}44431096 211383

o 26 460 151444312096 212 355

File Edit Select View Format Colour

Calculate Web Service

T e e
Q114
TR 5N  EBB 160
MG 140

F 224
v 22

LET RN LD 7 B
T LN WP

=2 CYOWGEOHGH UGG

Zaves

292 B ABERAINTE L

277 MGLL TGRIS A A

<26 BGa L
293~

el SR e
o s

260 LI R:IvvnnIP vEINs LRADEME SACIMA\/\/WMQ 253
296 A B B NEYE- oo oo-

M-

oo KOLAQHR TEDLIICA7UNO LA LERFI A ARRE o2y
206 - a2

422 B

5 BE o EBIY
A1 TP
ETBGREG)

{;
i

461

e

[Seauence 1 0. gi[16504[smb|CAAS9602.1] Residue: LEU (111

[Eequence 2 1D-_gi|164604]gb AAA31056 1]
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Annotating features in JALVIEW

o

le Tools Help Window

Jahiew 2.3

T IESIRIG] — ]

=

(2690 ¢fernb|cas35602 111505
164604106 }44432096.2/71-355

File Edit Select View Format Colour Calculate Web Service

1 BT RELRDALEARVID LB VPR £ A LV AL 35
1 MKWLLLLSLUVLSECLY KVP Vi 26

Sequence Feature Settings

TG Hleeer

Feature Settings | DAS Settings

e

Feature Type

Colour |

Display

sitive Patch

. Ijns

NEK 190
Ts01z

1EaLrs
GLsies

v ¢ 210
DN 198

HipjF 245
1815 221
GFE 20
1Aez6s

Gvvas

Sz

BLesso

Invert Selection

sacass

Optimise Order|

SBH 420

Concel ][ toad colours ][ save coaurs | [FoH01

26 46041gh 144432096 211-355

(2690 ¢fernb|cas35602 111 505"
larl26460+Igk|44432096.2/3-383
(2690 ¢fernb|cas35602 2111505
lrl26 46041gh 44432096 2/1-355

02 GEMV1I565B1DBLPBIVERINGvoRPLS P s Akl Lo sse
456 VBEBAAQH | [BEF T AMBIPPF RGP EWIEGBVEHGH 430
337 00B - - - - SETEGFEGMDVP TS 56 ELWILEBYE | RO 367

EB 6k LHIGERKAR
WEDR ANNBVGL ARVA

a1
P

285

v 26 460 151444312096 212 355

lor126 460 15144432096 212 355

lor126 460 15144432096 212 355

lo1646041gb}4.44312096 21385

o 26 460 151444312096 212 355

v 26460 151444312096 212 355

lor126 460 15144432096 212 355

o 26.4604Ighj4.4432096.2)2 385

lor[16.460 410144432096 212355

lor126 460 15144432096 212 355

lor126 460 15144432096 212 355

lor126 460 15144432096 212 355

o 16460-1gb}44431096 211383

o 26 460 151444312096 212 355

File Edit Select View

Format Colour

Calculate Web Service

T e e
Q114
TR 5N  EBB 160
MG 140

F 224
v 22

LET RN LD 7 B
T LN WP

=2 CYOWGEOHGH UGG

Zaves

292 B ABERAINTE L

277 MGLL TGRIS A A

<26 BGa L
293~

<00 BRI BvVODER VBN
296 -

oot NOLAQHR TED LI 7O e LB AL BRI Avlc

el SR e
o s

LRADBME SACIMA\/\/WMQ 253

R

427

206 - a2

422 B
15 RE o RBIVE

461

[Feauence 2 D_gil164604]ob[AAA31056 1]

JUSsauence 210 gT660AGhARAST 036 1| Residue Ase (116
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] Jalview 2.3 v o x
le Tools Help Window

NEpS S— X lelProjecteiC —— - 5 ]

File Edit Select View Format Colour Calculate Web Service File Edit Select View Format Colour Calculate Web Service

o260 lermbloanssso2 202-505 1 MET RE L AALE ARVELL BT VIFARS £ AEBIVR AL 35
l16460AghlAAATI096 211,985 1 MKWILLLL S LVML s B Ly KMP - - - - - VI 2 211305

150 sfemblcassseoz )2-505 26 [ERPNO N sf¥ATE U< BEE e L EEANFL RS EEE 70
lor|26.46.0¢Igh}44431096.12-385 LHonk LKDF LK THKHNE - ABKMF PEAAAL | 60 loi|26.460 ¢Igh|44431096.17 385
{1590 4lernb|£AA39602112-505 71 sl

1D i A BIFE = TEVE P P « E IFBIEE 105
26460415k |44432096.211-385 EPLENYLD TEWFGT 161 GTPAGD FIEV FDTGS 34 lv126.46041gh14.4432096.212 385

(1690 ¢fermb|CAA39602 1)2-505 108 .va?IAKcVFI\ ACVLIS R.KASA'K KnBlk 140
£y 3

26460415k |44432096.211-385 LWVP SIS s - SLAGSDHNC N POD) eat50128 | |llalieseosighlanaatoss.ala-zes

T e e
Q114
TR 5N  EBB 160
MG 140

lor[2850 4lemb [CA435602.2)2-508 141 P ATl o MGIREEN ~ BHIF s | \/T\/GDL\/\/KDIEF\EAZWS
loi164604Igb|44431096 211385 123 ELSIIT) MTOILGYDTVOVEE 1150 TNE I FEL5165 | |llalisssosighiansaatoss.ai-aas

liasso sfembicaszssoz.ala-sos 176 7RG 1 7 FILVAK FBIGTUGIIGH « e VG AY W « 210 197 * 3 AREBGI 152
us60sighiAAsa1096 17385 164 € TEPGSF LUNARERIG | LGLAWRS | BASGATRVEON 198 | [lolzsscosiobiaassioss 1ja sas I 280
11590 4 lemb |C4439602.22-508 211 M1 EBIGLVS DF\/F FWLNRHVBEGEGGE | I FEGMBF 245 F 224
(o6 s604igh1A4432096.1 2-385 @ L\BOD L ESVAILS SNDBlS - -GS VVLLEGIBIS 231 | [lorzessosighlasssioss 11a 355 Nz
L2690 leoicasaseoz 112505 246 KB <l RVEVC «EFWAR 0 G0, VG K s [GFE 200 CEBB N EGENE RY BN THOEV
nesGosighiAsaai096 /7385 232 ST RS LNWVPVEY GG TLOS I TMOR - Bl 1AG 265 | [lolzseosioblaassioss 1}a sas TS L WPy

o150 femblcassseo2 112-505 261 AGGEARTADEGIELUAGFT AN 7 elilu e K IGRAG VY 215 s L T B
lol26.46041gh}44431096.1/71-355 266 SGGEOA I LUTePMsAlanIosDIGAS - - - 257 | [lessosighjasaszosasia-aes 245 vER)
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Comparing files on *NIX

# List all differences between two text files

# (empty output for identity)

diff HvSs.gap0.0.both.aln HvSs.gap0.0.mult.aln

# Report only whether the files differ

# (empty output for identity)

diff —q HvSs.gap0.0.both.aln HvSs.gap0.0.mult.aln

(*NIX = *BSD, OS X, Solaris, Linux, Windows with Cygwin, ...)
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Homework

@ Use a text or sequence editor to create a spliced variant of
HvPhytepsin that can be aligned to the full HsSaposinC
sequence

@ Find the GenBank entries for HvPhytepsin and SsPepsinogen
(tip: use the identifiers from the FASTA files) and find the
corresponding transcript sequences.

e How easy is it to align the proteins vs. the transcripts?

e Can you tell if you are getting equivalent results from the two
alignments?

@ Try repeating this exercise for a pair of sequences where
genomic sequence is available; e.g., A. nidulans VosA
(ABQ18268.1), and H. capsulatum Ryp2 (ACB59236.1).
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