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Outline of tonight's lecture

| Specialized BLAST sites

Finding distantly related proteins: PSI-BLAST
PHI-BLAST

Profile Searches: Hidden Markov models

BLAST-like tools for genomic DNA
PatternHunter
Megablast
BLAT
BLASTZ

BLAST for gene discovery: Find-a-gene

Specialized BLAST servers

Species-specific BLAST sites
Molecule-specific BLAST sites

Specialized algorithms (WU-BLAST 2.0)
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Ensembl BLAST output includes an ideogram
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BLAST output of ProDom server: graphical view of domains
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Search with FASTA
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We will discuss the
Conserved Domain Database
(CDD) later

(multiple sequence alignment)
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Outline of today’s lecture

Specialized BLAST sites

Finding distantly related proteins: PSI-BLAST
PHI-BLAST

Profile Searches: Hidden Markov models

BLAST-like tools for genomic DNA
PatternHunter
Megablast
BLAT
BLASTZ

BLAST for gene discovery: Find-a-gene

Position specific iterated BLAST:
PSI-BLAST

The purpose of PSI-BLAST is to look deeper
into the database for matches to your query
protein sequence by employing a scoring
matrix that is customized to your query.
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PSI-BLAST is performed in five steps

[1] Select a query and search it against a protein database

[2] PSI-BLAST constructs a multiple sequence alignment

then creates a “profile” or specialized position-specific
scoring matrix (PSSM)
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PSI-BLAST is performed in five steps

[1] Select a query and search it against a protein database
[2] PSI-BLAST constructs a multiple sequence alignment
then creates a “profile” or specialized position-specific
scoring matrix (PSSM)

[3] The PSSM is used as a query against the database

[4] PSI-BLAST estimates statistical significance (E values)
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PSI-BLAST is performed in five steps

[1] Select a query and search it against a protein database
[2] PSI-BLAST constructs a multiple sequence alignment
then creates a “profile” or specialized position-specific
scoring matrix (PSSM)

[3] The PSSM is used as a query against the database

[4] PSI-BLAST estimates statistical significance (E values)

[5] Repeat steps [3] and [4] iteratively, typically 5 times.
At each new search, a new profile is used as the query.
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Results of a PSI-BLAST search

# hits
Iteration  # hits > threshold

1 104 49

2 173 96

3 236 178
4 301 240
5 344 283
6 342 298
7 378 310
8 382 320

Table 5-4
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PSI-BLAST search: human RBP versus RefSeq, iteration 1
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PSI-BLAST search: human RBP versus RefSeq, iteration 2
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PSI-BLAST search: human RBP versus RefSeq, iteration 3
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The universe of lipocalins (each dot is a protein)
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Scoring matrices let you focus on the big (or small) picture

retinol-binding

protein

your RBP query

Scoring matrices let you focus on the big (or small) picture

PAM250 .

retinol-binding
protein

Blosum80,

Blosum45

PSI-BLAST generates scoring matrices
more powerful than PAM or BLOSUM

retinol-binding

protein

PSI-BLAST: performance assessment

Evaluate PSI-BLAST results using a database in
which protein structures have been solved and all
proteins in a group share < 40% amino acid identity.
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PSI-BLAST: the problem of corruption

PSI-BLAST is useful to detect weak but biologically
meaningful relationships between proteins.

The main source of false positives is the spurious
amplification of sequences not related to the query.
For instance, a query with a coiled-coil motif may
detect thousands of other proteins with this motif
that are not homologous.

Once even a single spurious protein is included
in a PSI-BLAST search above threshold, it will not
go away.

Page 144




PSI-BLAST: the problem of corruption

Corruption is defined as the presence of at least one
false positive alignment with an E value < 10

after five iterations.

Three approaches to stopping corruption:

[1] Apply filtering of biased composition regions

[2] Adjust E value from 0.001 (default) to a lower
value such as E = 0.0001.

[3] Visually inspect the output from each iteration.
Remove suspicious hits by unchecking the box.

Page 144

2/11/2008

A VL S T A TR TN ] T TRatTus 5

D PEECURSOR sqil4n2

' 34119 | PHIPORIAPE CAVPS  APOR D PRECURIOR 3g411%...
1 041901 AICRIPAZ. 11 (ATORSIIA1 WeTaRt EHGENOL BASIRG BEGG. ..
o "
o
" @
" B
w o
w g aipha i muzesglonulins
woE KOOAOT) pun t
L
@
- g N
w @ 308.1]  (ABOOEA44] mipha-i-mirragise
L 3 aipha-i-microgicbulin - pig
" o [XSI0NT) pracussce codes Bir TwS PEORALR...
- AFITESON I ATI7E303) meuEel LAResille ...
" @
w P .
w g $355%| AXIP MESAU AKP FROTELN PRECURSOR [COWTATNS...
w @ 3 inseqrisyanin & - tohaces hermwsrm sgi|97i...
w g
" B
L ¥
- @ JBALITOTS T2 - -
ep m -
w @ X
T vinol-Binding procein, 52 Fig. 5.11
L ene cpl-i protein - kfrican clewe = -0k e
w5 o5 PIsERNILE BCoLI_ oUTER mumbane Livoveotein buc per... 1 ve-os | Page 141

E
H

41p

Conserved domain database (CDD) uses RPS-BLAST
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PHI-BLAST: Pattern hit initiated BLAST

Launches from the same page as PSI-BLAST

Combines matching of regular expressions
with local alignments surrounding the match.
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PHI-BLAST: Pattern hit intiated BLAST

Launches from the same page as PSI-BLAST

Combines matching of regular expressions
with local alignments surrounding the match.

Given a protein sequence S and a regular expression
pattern P occurring in S, PHI-BLAST helps answer the
question: What other protein sequences both contain

an occurrence of P and are homologous to S in the vicinity
of the pattern occurrences? PHI-BLAST may be preferable
to just searching for pattern occurrences because it

filters out those cases where the pattern occurrence

is probably random and not indicative of homology.
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Align three lipocalins (RBP and two bacterial lipocalins)

1 50

ecblc MRLLPLVAAA TAAFLVVACS SPTPPRGVTV VNNFDAKRYL GTWYEIARFD
vc MRAIFLILCS V...LLNGCL G..MPESVKP VSDFELNNYL GKWYEVARLD
hsrbp ~~~MKWVWAL LLLAAWAAAE RDCRVSSFRV KENFDKARFS GTWYAMAKKD

Fig. 5.9
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Pick a small, conserved region and see which amino acid
residues are used

1 50

ecblc MRLLPLVAAA TAAFLVVACS SPTPPRGVTV VNNFDAKRYL GTWYEIARFD
vc MRAIFLILCS V...LLNGCL G..MPESVKP VSDFELNNYL GKWYEVARLD
hsrbp ~~~MKWVWAL LLLAAWAAAE RDCRVSSFRV KENFDKARFS GTWYAMAKKD

GTWYEI

K AV
M

Fig. 5.9

Create a pattern using the appropriate syntax

1 50

ecblc MRLLPLVAAA TAAFLVVACS SPTPPRGVTV VNNFDAKRYL GTWYEIARFD
vc MRAIFLILCS V...LLNGCL G..MPESVKP VSDFELNNYL GKWYEVARLD
hsrbp ~~~MKWVWAL LLLAAWAAAE RDCRVSSFRV KENFDKARFS GTWYAMAKKD

Syntax rules for PHI-BLAST

The syntax for patterns in PHI-BLAST follows the
conventions of PROSITE (protein lecture, Chapter 8).

When using the stand-alone program, it is permissible
to have multiple patterns. When using the Web-page
only one pattern is allowed per query.

[1 means any one of the characters enclosed in the brackets
e.g., [LFYT] means one occurrence of Lor ForY or T

- means nothing (spacer character)
x(5) means 5 positions in which any residue is allowed

X(2,4) means 2 to 4 positions where any residue is allowed

GTWYEI

K AV

M
GXW[YF][EA][IVLM]
Fig. 5.9

PHI-BLAST
PHI pattern: G:r.hx-j:lfjxjv:j_r_ar:‘]ﬁ[mu!]
t"“::?::ﬁ

—_]
ENFDLEGYREKRYETARE 47
SORYLGTWYEIARL 59
LGSGRAERDCRVSSFRVEENFORARFSGTWYAMAKE 48

Zp_01613353 =
2P_01006814 My
human

Ele

2e Fig. 5.9

PHI-BLAST: input

Algorithm " blastp (peotain-protein BLAST)
© PSLBLAST (Position-Spacific Rerated BLAST)
& PHLBLAST (Paltem Hi Indiated BLAST)
[GRATYF FIVILMAF Y JA[RKH]
Enter a PHI pattem

PHI-BLAST: output

1in) [Alterosomndales baccerius
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Human RBP PSI-BLAST search against bacteria

Sequences with E-value BETTER than thrashald

-

a 3
P P5HElns mestion

PHI-BLAST: RBP search against bacteria

Sequences with pattern at position 40 and E-value BETTER tham threshold

mesbrane lipoprotein {lipocalin} [Al.
[Bacteroides frag

ugnr rucleotide epimerase [Baccero.

¢ Fugar nucleotide epimerase [Dacterc.

utér membrane lipoprotéln (lipocalin) [Cyto.

lipoprotein Ble [Prochlore

L1 ocuter meshrame lipoprotein [lipocalin) [H.
rpohetc e

A
E
Rt e e B B B B ;

8
2

Outline of today’s lecture

Specialized BLAST sites

Finding distantly related proteins: PSI-BLAST
PHI-BLAST

Profile Searches: Hidden Markov models

BLAST-like tools for genomic DNA
PatternHunter
Megablast
BLAT
BLASTZ

BLAST for gene discovery: Find-a-gene

Multiple sequence alignment to profile HMMs

«in 90’s people began to see that aligning
sequences to profiles gave much more
information than pairwise alignment alone.

« Hidden Markov models (HMMs) are “states”
that describe the probability of having a
particular amino acid residue at arranged

In a column of a multiple sequence alignment

* HMMs are probabilistic models

« Like a hammer is more refined than a blast,
an HMM gives more sensitive alignments
than traditional techniques such as
progressive alignments

Page 325

Simple Markov Model Simple Hidden Markov Model
Rain = dog may not want to go
outside 0.85 _ _
Sun = dog will probably go P(dog goes out in rain) = 0.1
outside 0.85 P(dog goes out in sun) = 0.85
0.8
0.15 < >
o.15< > 0.8 Observation: YNNNYYNNNYN
02 (Y=goes out, N=doesn't go out)
» What is underlying reality (the
Markov condition = no dependency . o
on anything but nearest previous state ~* courtesy of hidden state chain)?
(‘memoryless”) Sarah Wheelan
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1D8U
10762
ZhhbB
1FSL
ZMM1

HAMSV
HIREKV
HGEEV
HAEEL
HGATV

position
Probability |1 |2 |3 |4 |5
p(H) 10
p(A) 04
p(l 02
plG) 04
p(M) 0.2
p(R) 0.2
p(K) 0.2
p(E) 0.2
plA) 0.2
p(S) 0.2
p(K) 06
p(T) 0.2
p(V) 0.8
(8] 0.2
2e Fig. 5.11

P(HARTV) =(1.0)(0.4)(0.2)(0.2)(0.8) = 0.0128

Log odds score =In(1.0) + In(0.4) + In(0.2) + In(0.2) + In(0.8) =

'

ADA M:0.2 $:0.2 V0.8
H:1.0 —| 102 » K02 > K06 — 05
G:0.4 £0.3 T:0.2 i

2e Fig. 5.11

begin end
2e Fig. 5.12

emiztlons
H A [ 5 v
H 1 R K v
°b‘:zf:‘:1 H G K K v
g H A E K L
H G A T v
2e Fig. 5.12
.
s
: o) f
i 1 Hy
PR S T oy

ALGELLVVYPMTQRFFEGFODLE

I L1

A F
o L L v L 1L
; o E . w & &
BENFRLLGHELYCYLANNFGREFTPPVOARTURYYAGYARALANKYN
) - & ] 5

L)
Te T K

HMMER: build a hidden Markov model

Determining effective sequence number ... done. [4]

Weighting sequences heuristically ... done.
Constructing model architecture ... done.
Converting counts to probabilities ... done.
Setting model name, etc. ... done. [x]

Constructed a profile HMM (length 230)
Average score:  411.45 bits
Minimum score:  353.73 bits
Maximum score:  460.63 bits

Std. deviation:  52.58 bits

Fig. ~5.13

10



HMMER: calibrate a hidden Markov model

HMM file: lipocalins.hmm
Length distribution mean: 325
Length distribution s.d.: 200

Number of samples: 5000
random seed: 1034351005
histogram(s) saved to: [not saved]
POSIX threads: 2

HMM :x

mu : -123.894508
lambda :  0.179608
max : -79.334000

2/11/2008

HMMER: search an HMM against GenBank

Scores for complete sequences (score includ

11 domain
on

Sequence Des:

gi ref|XP_129259.1] (XM_129259) ret

gii | 132407 sp|PO4916 |RETB_RAT Plasma retinol-

i | 20548126 ref|XP_005907.5] (XM_005907) sim

i 5803139 reF|NP_006735.1] (NV_006744) ret
120141667 | sp| P02753 | RETB_HUMAN Plasna retinol-

gi 16767588 reFINP_463203.1] (NC_003197) out 318.2  1.9e-90 1

115803139 ref|NP_006735.1] : domain 1 of 1, from 1 to 195: score 454.6, E = 1.7e-131
*->mkwVMKLLLLaALagvfgaAErdATsvgkCrvpsPPRGFrVkeNFDV

mkwV++LLLLaA + +aAErd Crvés  frvkeNFD+
gi 5803139 1 MKWVWALLLL D------Cl DK 33
ry PrEErGLIIGdkIL irve

| E GL+lqd

P
gi|5803139 34 ARFSGTWYAMAKKDP--E-GLFLQDNIVAEFSVDETGQUSATAKGRVRLL 80

eNkelcADKVGTvEqiEGeasevfLtadPaklkIKyaGvasFlqpGFddy
+N++HCADHVGTHEHE dPak+k+Ky+Gvasflq+G+dd+
gi 5803139 81 NNWDVCADMVGTFTDTE--- ~DPAKFKMKYWGVASFLQKGNDDH 120

HMMER: search an HMM against GenBank

match to a bacterial lipocalin

i 16767588 | ref|NP_463203.1]: domain 1 of 1, from 1 to 177: score 318.2, E = 1.9e-90
*->mkwVMkLLLLaALagvFgaAErdATsvgkCrvpsPPRGFrVkeNFDV

M+LL+ +A a ++ AFHVHCHPHPP+GHVHNFD+

i 11676758 1 -——-MRLLPWA----—- AVTA-AFLVVACSSPTPPKGVTVVNNFDA 36
erylGtiYelakkDprFErGL I lqdki tAeySleEhGslisataeGrirvL
+rylGtiYelar DfrFEFGL  + +tAtySI++ AGHIHVF

gi]1676758 37 KRYLGTWYEIARLDHRFERGL--~EQUTATYSLRD-~~-~-~- DGGINVI 75

eNkel cADKVGTVtqiEGeasevTL tadPakIkIKyaGvaSTlqpGfddy
Ni++++D+  +++ +EG+a  ++t+ P +++IK+ SFHpHtity
gi|1676758 76 -NKGYNPDR-EMWQKTEGKA---YFTGSPNRAALKV----SFFGPFYGGY 116

HMMER: search an HMM against GenBank

Scores for complete sequences (score includes all domains):

Sequence Description Score N
9i]3041715]sp| P27485|RETB_PIG Plasna res 614.2 1
i |89271|pir| |A39486 plasna res 613.9 1. 1
gi ref|XP_129259.1] ((M_129259) ret 608.8 6.8e-178 1
i | 132407 | sp| PO4916 |RETB_RAT Plasna retinol- 608.0 1.1e-177 1
i | 20548126 ref|XP_005907.5] (XM_005907) sim  607.3 1.9e-177 1
i 20141667 | sp| PO2753 | RETB_HUMAN Plasna retinol- 605.3 7.2e-177 1
i 5803139 ref|NP_006735.1] (NM_006744) ret 600.2 2.6e-175 1

115803139 ref|NP_006735.1] : domain 1 of 1, from 1 to 199: score 600.2, E = 2.6e-175
*->melivitaLvLLaal GgasaERDCRVSSFRVKENFDKARFSGENYAT AK
m+Wvilal+LLaa+  a+aERDCRVSSFRVKENFDKARFSGENYA+AK
i 5803139 1 MKWVWALLLLAAW--AAAERDCRVSSFRVKENFDKARFSGTHYAMAK 45

KDPEGLFLGDNi VAEFSVDEKGhmSATAKGRVRLLNNWdVCADMVGEFD
KDPEGLFLQDNi VAEFSVDE+G+MSATAKGRVRLLNNWAVCADMVGEFED
gi|5803139 46 KDPEGLFLQDNIVAEFSVDETGQMSATAKGRVRLLNNWDVCADMVGTFTD !

&

EDPAKFKMKYWGVASFLGKGNDDHINE i DEDYdtFAVGYSCRLINLDGEC
TEDPAKFKMKYWGVASFLGKGNDDHWi+DDYd t+AvqYSCRLINLDGEC
gi|5803139 96 TEDPAKFKMKYWGVASFLQKGNDDHWIVDTDYDTYAVQYSCRLLNLDGTC 145

Outline of today’s lecture

Specialized BLAST sites

Finding distantly related proteins: PSI-BLAST
PHI-BLAST

Profile Searches: Hidden Markov models

BLAST-like tools for genomic DNA
PatternHunter
Megablast
BLAT
BLASTZ

BLAST for gene discovery: Find-a-gene

BLAST-related tools for genomic DNA

The analysis of genomic DNA presents special challenges:
* There are exons (protein-coding sequence) and
introns (intervening sequences).
* There may be sequencing errors or polymorphisms
* The comparison may between be related species
(e.g. human and mouse)

Page 135
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BLAST-related tools for genomic DNA

Recently developed tools include:

* MegaBLAST at NCBI.

« BLAT (BLAST-like alignment tool). BLAT parses an entire
genomic DNA database into words (11mers), then
searches them against a query. Thus it is a mirror image
of the BLAST strategy. See http://genome.ucsc.edu

* SSAHA at Ensembl uses a similar strategy as BLAT.
See http://www.ensembl.org

Page 136

senitivity

PatternHunter

of a seed} lextended)
of & mism w0t extended)

axanple of & seed) (ext
{exanple of an acceptable

NOCONIONI eI ——
LERRRAREEEE B
i

[0

o7

06

0s

04

03 -

o1 -

0z 03 a4 0s [ o7 08 05 2e F|g 5.16

MegaBLAST at NCBI

Color key for alignment scores
<40 4050 0 B0-200 >=200
e I | [} [] [] 1
o 10000 20000 30000 40000 50000

[ETTeT

MegaBLAST

MegaBLAST: 50 kilobases of the globin locus

|NT_EO‘J?3.T Homa sapiens chromosome 11 genomic contig, reference as.. 5=92333 E=0

Color key for alignment scores
80 80200 >=200
Guery §

[] [} I I I
o 10000 20000 30000 40000 S0000

To access BLAT, visit http://genome.ucsc.edu
UCSC Genome Bioinformaties
“BLAT on DNA is. designéd to quickly find sequences of 95%

and greater similarity of length 40 bases or more. It may miss
more divergent or shorter sequence alignments. It will find
perfect sequence matches of 33 bases, and sometimes find
them down to 20 bases. BLAT on proteins finds sequences of
80% and greater similarity of length 20 amino acids or more.
In practice DNA BLAT works well on primates, and protein
blat on land vertebrates.” --BLAT website

12



BLAT Search Genome

Comiena Aasemsbiy [ro— o o
= 3 Sy 2001 5] Ersr=—ur| [aaryacers 3] == |

Fane 1 & qoery seqeence 1o fnd a5 botatiin £ et the peaoene. Mudiple seqeencer sy be prarched o oote f separaied by & ne mareg

wilh = [iowed by the sequice e Faret |

LI BASETET | CaT|ME_COUTAY | Mot Sapiess [eTinal Bimding peacaih 4. plames
0,

Paste DNA or protein sequence
here in the FASTA format

POCLBCTTTO

Bather thun pasting

s, you cim eheoose o upload a eat S coutaring e dequence
Upload mequence B | Subma Pl

e e e el e R i A o e M el I B RS
et theface e T ot o gl e b 50,00 bases

Alesut BLAT

BLAT sa GO & driguad i k' il roqumces of 120 and rvs smbrky of ngh 49 Voo g o B g s man eren o s oo
hgpenents. 1 will fnd pectect sequence maiches of 33 someizar, ases BLAT cn proes e sequences of 84 snd e
ity ot lengh 30 i ek ¢ mare. 1 peince DOAA BLAT m el v prmases, e pooacm bt o e veniche

ELAT it st BLAST DHA BLAT we estee gt i memory. The index cossuts of il on-crerlappg ep fir
oat beavly mstoed i s The mdes ks o 16 et han 2 b o AM. The gebome vl gt kgt memry, o N}I-l'h' M»-n.g.
e n Lossrbex Eed i bermcdoge, whach are e boaded mdo memory for & detaded shgpement

Blastz
UCSC Genome Browser on Human May 2004 Assembly

move «ee | < | <] 2| » | »s |zeomm 18| 3| 10x | bose |zeomoum 18 | 3| a0x |

positionfsearch [chr1 § 200,001-5 250,000 jurmp | coas | size 50,000 bp _contigues |

[srets s

T

Limig

rood -
UerEebrate MATE(E Alignmt L Cormerunt ion

cw—w-l‘wu_h LA _lL_..JLJ-
- x =

PSR (UE. URLIERT) AIGRERT HET

i

Fig. 5.17

Blastz (laj software): human versus rhesus gap

|07, ¢
© hliganis

71 (21431,31 3 markel.

1: (13912, 7538}

2e Fig. 5.18

2/11/2008

BLAT output includes browser and other formats

Blat . Tables - FAQ - Help

Human BLAT Results
BLAT Search Results

SCOKE START END GBIIE IBENTITY CHRO STRAND START  DMD E
02 191 919 .Sy 10 - SI0NEISE Ssoissad 5397
1 BET s08 91 Edy ® - TMSS01T Thesecas 13

Brewier ca Hman Jaty 3003 e
_,.-..-.-l,..-v...-..n ..\.J_[

Blastz (laj software): human versus rhesus duplication
O aloi |

P e Shew Py R — 1. [
w [iam3, 58636
O [aLigarie (14770, 55

15057, H04) 3 wark=1941

BLAT

Gt Asgembly uery type: Sort output Chatput type:

| Human = [Mey2004 =] [protein =] |quenyscare | |hyperink

=

>G114509345] ret |NP_000S05.11 beta globin [Homo aapiens)

MVHLTPEERS AVTALWGEVNVDEVGGEALGRLLVVYPUTORFFESFGDLITPDAVAGNPEVEAHGERVLG
AFSDGLAMLENLEGTF ATLSELECORL HVDPENF RLLGHVLVCVLAHHF GREFTREVOAR QKU AGVAN
ALAMEYH

13



BLAT

UCSC Genome Browser on Human May 2004 Assembly
move _tet | ee| ] a3 | 200 moomm 18| M| 10w | bese |eomont 18| 3| 1|

jump | choar | size 50,000 bp. _configue |
[rrts core. o RTINS T R T

positionsearch [chel 1.5,200,001-5. 260,000

Cot saiwerdl sazerral saavenal Pl
o omopoas Dinds Loch|ized Dy PIIH Mboo ing Clonts

2/11/2008

LAGAN
{al [1:1]
AN N
N N
\ RN
\ NN
{cl d
N NN IR
\-. N <
AN \\ - B
. N \ < N

2e Fig. 5.21

SSAHA

covemge

g T_ddem obp no0Ks M00Kn DK 000K

Outline of today’s lecture

Specialized BLAST sites

Finding distantly related proteins: PSI-BLAST
PHI-BLAST

Profile Searches: Hidden Markov models

BLAST-like tools for genomic DNA
PatternHunter
Megablast
BLAT
BLASTZ

BLAST for gene discovery: Find-a-gene

BLAST for gene discovery

You can use BLAST to find a “novel” gene

Page 147

BLAST for gene discovery

You can use BLAST to find a “novel” gene
You will need to do this for 40% of your grade.

In the first 8 years of this course,
everyone has succeeded at this exercise.

Page 147
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Search a DNA database
tblastn (e.g. HTGS, dbEST,

or genomic sequence

from a specific organism)

Start with the
sequence of a
known protein

inspect
blastx .
Find matches...
or
Sea:r(;h your DtNA or blastp | [1] to DNA encoding
protein against a nr known proteins
protein database (nr) —

[2] to DNA encoding
related (novel!) proteins
[3] to false positives

to confirm you have
identified a novel gene

2/11/2008

Find-a-gene project: HBB Aquilegia

g GU0 Aquilegia CONA 1ibrary Aguilegis formoss x Aquilegis
pubescens cONA clone COLT40Z, mMNA sequence.

tuery £ &2
sbice 95 ToEVPON 58
Query 63 AHCFEVLGAFSDGLAHL---- [ll‘ xCTFﬂTLSZ TELHVDPENFRLLGNYLYCVLA 116
Sbice 26 Aatemare :Maolu'\_r AVDLEESTLICTLGAVINYRGV D -FEVAEALLETEE 445

Query 117 HAPGREFTPPYOMYGKYVACYAMML 142

Sejer 448 :vc:m_r.ns_uc.us:nn‘;\ru 523

2e Fig. 5.23a

Fig. 5.17
Page 148

Find-a-gene project: Aquilegia_Arabi

HON-SYMBIOTIC HAEMOGLOBIN 2) [Arabidopais thaliama]
2 (Wu2) {ARAth GLEZ)

lobin: €9592-T0241 [, » thaliana]

[ 5 thaliana)

[ thalisna)

b yal ic b Lol HbZ [Acabidopsis thali 1

gh 9458
LTS

| (3 sesgioszo (arabidopasa chalisna)

Score = 243 bits (619]),
mcities = LI6/154 (754

Fe.

Guery 03 ENVITEUQEALVEESVELRA 262
E+ m4CZAL YEESVEL+]

Shjer 3 T 62

Taery 263 L

shjer £3 122

Query

R i
FAGAGERAAEE+ CRUSAATD Th ATHTEN
Shjer 123 KEGLOENVMFEVECAVSQAYDHLALATKTEMNOE 156

2e Fig. 5.23b

Find-a-gene project: HBB Vitis

contiy 34
Lengrhass602

score = 31 cr = 9,
Tatnetetna s 19742 {40}, Tesitives o
Frame « +1

2 [57%), Gapa

Query 81

hjer 12864

‘ers, ubole gencme shorgue aequence of line PRAD0Z4,

Find-a-gene project: myoglobin tblastn

g
shotgun_zeq
Lengrhe20073

v ) e (e (oo o) G O

Seoze = 35.4 birs

[§ Expect = 0,50
= 20057

Posimives  32/57 [56%), Gaps = 1/57 (l¥)

2e Fig. 5.24a

Find-a-gene project: rice myoglobin blastp

myoglobin

n-based SEAt
1/57 (1%)

Expect = 0.60, Method: Compesit
» Positives = 32/57 {564}, ©

1 VRHHFLOILLEMIGCR:
+F 1

B GF
i@ IMGHGOEVLIRLFRGHFE

rrrs L'\:m\:s-\:.\ur'sz

KFH PHN um:[ EmSEI' - LHﬂiaA’I‘a‘LHl CNIL 77

:Lz;ur G SDLM’

A Ryoglobin

-8 bita (B1], Expect = 0.

. n-based seats.
Tatnearies s 210 Dbh),Fositives 1 32

= L/%4 [L¥)
Query 4 HYLCI LPHI' GR?LTLE ?SI'.FFHGFE“M'FL P“EDH.SFNEK“\'F\MRE—E?L 57
Shicr 25 icc-o

AnLc.(L kel

2e Fig. 5.24b
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Microbial Genomes Blast

The ey sacgusrce is
i 3] e for o compinty
Pagpons by et

raer 0 pccssion, o 8 Seguence in

BLANT % hasterial 14 sechasal

s v s mm.a«w.-mumm'”. -
ot e b B g (et o i
sttt o b il el
b o el e 5 e

roquesce,

Exter pous query sequrmce s O ox FASTA
oy e |

el e o

of
[ [ |
LAST +

R Mefctiernt stes Bermtok e

R Eyphi CTI8 Salmcnells typ
=T 207)spaca B 5PA.0.16410 Salmenells pararyphi b
FBLLFDGEC 59387 sumlci- Contigiles Salmomells vyphiwarius L
GBLISUGIC_PPIOT| stmlti-AZA, CORTIgHE] Salmonella Cyphimuriws.
GbIAZOOS1T4] Escherichia coli GISTIHVEDLSYY, complete pences
GAIBADCO0CT|  Escherichis coli O1STINT, complete gences

JTE 1600 1000 1800 1 751 Emt
GELITIGE 136 cdent 10137 Treponems desticols unnmmw e
GELITIORIC. tepidun 3495 repidum
1 74

gB1ITIGE 158 cdant 1016) Tewponama unginished fra
SmliSencas_l4361cdiflicile Conninilt Clostridime difficile
nu-uns [bases 2.
!S.I_LEW.L?_LLHE! Bacilius subtilis complete ge
SBLISDITC_$AT6IC. albicans Concigé-3I06 size=2 Tear 1 [ERea) (W

i

Aligrments

sgni) 40115 yphi Salmonells typhi CT18 Salmenells typht fragmant
Length = 4805036

Score = 3¢.6 bita (83), Expect = 0.13
Idestities = 23/82 (26%], Positives = J8/82 [45%)
Frame = -2

eeerys 37 LIV 06
¥ NFD  Re GTUY 4, L 454 4 G e
Snjer: 4558772 \Mnunuemswn.nxLb)cnrnoL:Q\'nrul.umxmmur.wvnuuom 4558595

AnliSanges 60415, cyphi _Sslmcneils cyphi CTI0 Salmcnells typ. St
=T 2027 spare §_SPA.0.16410 Salmenells pararyphi A . 0.17
FBLIFDGEC 59387 semlci- ConTigllef Salmomells Typhimurius L. 0.29
GBlISUGIC_PPI0T| gtmlti-Alh.CORLIgIse Jalmonells typhimuriwm. 29
GBIAZOOS1T4]  Escherichia coli O157:HVEDLIIY, complete gences 50
7| Escherichia coli O1STINT, complete pencme .50
g UDO0FEIEC0LT  Eacherichim coli K-12 MGLESS complete gencme -5
SALLBINC $63401sciblin §341 1320 Selmomslls dwbiin wodinis .1
I .5
= edant 10137 .3
e ‘1cn €, capidm 34 X
.5
aBlITIGE wulm-m 10163 Traponema .3
ShliSencts_l4361cdiflicile Coneigflh Cloweridime difficile .2
size=11146 [bases Z.. .3
!S.I_LEW.L?_LLHE! Bacilius subtilis complete gencme 3
GBI SVSTC_F4T6IC. aibicans Contigé-306 size=21641 [EROL] (M. .3
ALigrments
>gni) 40115 eyphi Salmonells Eyphi CTLS Salmonells typhi fragment
Length = 4805036
Score = 36.6 bits (83), Expect = 0.13
Idestities = 1I/82 (264], Positives = 38/82 (454
Frame = -2
oerys 37 LINVDVC 85

¥ NFD Be GTUY 4 + 4 454 8 G e
Snjer: 4558772 \Mnununl'Lswn.xutLb)cnrznoL:Q\'rnul.umxmmuswvnuuom 4558595

Gury: 87 ABWSTITSTIDPACTRNIG 108 this is a good candidate
Shyor: 4558585 TEGRATFTGERWRAALIVEFFG 4558530 for g novel gene/protein

Quecy: 87 ADNVSTTTOTEDPAKFEREYWS 108
v FTeek Ko
Sbjoti 4558595 TEGEATFTGIPNRAALEVIFFG 4558530
(Page 150)
Aligrments
FRALATTER0E) 1 A1 [(YAT716) protein [Kleb lla cxytoca)

Length = 177

Score = 161 birs (404), Expect = Se-40
Igentizies = 75/01 ($23), Pasitives = T0/U1 [95%)

Gaeey: 1 VVNNFDARRYLGTUYE IAPLDERFERGLEQVTATYSLRDDGS INVINKGYNP ARERVGET 60
FOARRTLGTUYEIAR DERFERGLA-+UTATYSLEDDGGING INKGYND RENVORT
Shjet: 30 VWRNFDAKETLGTUYE DRVTATYSL SNV INKG TN E

Guery: 61 EGRATFTGSPNRAALKVIFES 01 A blastp nr search confirms that
EGRAYFTG PHRAALEVIFFG

mger: 80 poravrTaspsnuLevarre 110 the Salmonella query is closely
related to other lipocalins

| TANTTON | p | QAROIAIHLE CITFE OUTER RENSEANE LIPCPROTEIN ELE PRECURSOR

9212121019 pir] | I40710 cuter LI freundii

GALTLTAAGI B | AMEARAEE. 1] (UZ1TET) uwcaun precurscr [Citrobacter freundii]
Length = 177

Seore = 159 bita (901), Expect = ¢e-39
Tdenticies = T4/R1 (91%), Pasitives = T7/B1 [94%)

VRN DARETLGTYTETARLDHRF ERGLEQY TATYSLEDDGGINV INKG TP ARERVORT 60
VVHNFDARRYLOTUYETAR DHRFERGL4-VTATYSLEDDGCINVINKGYNT RENUGHT
Shjet: 30 VVNNFDARRYLGTWYEIARFDERFERGLIFVTATYSLRDDGS INVINKCYNPORENVOET 89

Quecy:

Queey: 51 EOEAYPTOSPNRALLEVIFFG 81
EGEAYFTG P+ AALKVSFFG
Sbist: 90 EGRAYFTGDPSTAALEVSFFG 110
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BLAST for gene discovery

You can use BLAST to find a “novel” gene

Ideally, try to find a new gene this week or next.
1 will provide sample projects from last year.
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