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Annotation - Definition

The process of analysing a DNA sequence and adding biological

information to it

DNA - Only linear
sequence information

Genes and encoded
products with assigned

i : functions
Bioinformatics
Sequence analysis
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Strategy for annotating a genome

Chromosomes,
megaplasmids and
plasmids

Gene
prediction

Characterization
of genes

Deposit in
databank

Complete
annotation
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Gene prediction - prokaryotic

Sequence analysis at nucleotide level

5 3’
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Gene prediction - prokaryotic

Start and stop codon

5 Start codon Stop codon 3

ATG (Methionine) TAA (Ochre)
GTG (Valine) TAG (Amber)
TTG (Leucine) TGA (Umber)

I I Start codon / Stop Codon
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Gene prediction - prokaryotic

Open reading frame (ORF)

5 3

Open Reading Frame

reading direction for sequence of top DNA strand —

(A)

. I3 N-ile leuphearg val ile arg projl thr arg asnphe thr g arg -C
reading| 2 N-tyr phe ile ser ser asn ser thr leu asn ala lys leu his leu thr -C
frames | 1 N-leu phe tyr phe glu i pheasp leu lys arg glu thr ser leu asn -C

ODNA |5 TTATTTTATTTCGAGTAATTCGACCTTAAACGCGAAACTTCACTTAAC 3
3’ AATAAAATAAAGCTCATTAAGCTGGAATTTGCGCTTTGAAGTGAATTG &

. [-1 CHmm lys ile glu leu leu glu val lys phe ala phe ser il lys val -N
reading|—2 C-ile lys asnarg thr ile arg gly il val argphe lys val gl arg -N
frames |-3  C-asnjgll lys ser thr asn ser arg leu arg ser val glu ser leu ser -N

-— reading direction for sequence of bottom DNA strand

Open Reading Frame
I I Start codon / Stop Codon (protein coding)

Erik Hjerde Protein Group

E-mail:erikh@fagmed.uit.no Department of Molecular Biotechnology

Telephone: +47 77 64 62 63 Faculty of Medicine
Fax: +47 77 64 53 50 University of Troms, Norway




Section H - Principles of genome annotation

I_ Sin

vuuuuvuvuuu

Bio 2304 Autumn 2007
Gene prediction - prokaryotic
Regulatory elements
Ribosomal
Promoter  pinding site Terminator
10 - =35 AAGGAGG
TTGACA TATAAT
l Promoter region (maybe)
l Transcription start signal (maybe) C
\
l Transcription termination signal (maybe) ‘ i:
ca 6-C;

-
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Gene prediction - prokaryotic

Sequence composition - coding vs non-coding regions

Open Reading Frame

N ~ : ~ G+C content

l = Profiles from coding and non-
coding regions
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Gene prediction - prokaryotic

Sequence composition - coding vs non-coding regions

Open Reading Frame

A

Tyr

Tyr

StopStop Zodon Hurman Drosophila | E.coli

= Arginine;

Gln e 22 3 107 12

o PelE 23 7 e 1 2

Ae el 22 3 49 % 39 %

e CGG 14 5% 9% 4 %

gl 9 % 16 % 49%
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Lsp

€151

Glu
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Gene prediction - Eukaryotic

Gene structure
Intron

5 Exon / Exon\ Exon 3’

Promoter region (maybe)

Transcription start signal (maybe)

l = Profiles from coding and non-
Transcription termination signal (maybe) coding regions

Open Reading Frame
Start codon / Stop Codon

(protein coding)
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Gene prediction - Eukaryotic

Gene structure - Splice site
Intron

5 Exon / Exon\ Exon 3’

5' splice junction 3' splice junction

|
GU - AG rule

Intron
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Gene prediction - Eukaryotic

Gene structure - Compositional differences
Intron

5 Exon / Exon\ Exon 3’

CGCGCGCGCGCGCGCGCGCGCGCG CpG islands

pr—
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Gene prediction - Eukaryotic

Gene structure - Reverse transcribing mRNA
Intron

5’ Exon / Exon\ Exon 3’

Splicing
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Gene prediction - prokaryotic

Not only protein coding genes

Protein coding genes - mMRNA (messenger RNA)
Non-protein coding genes - RNA (ribosomal RNA)
- tRNA (transfer RNA)

- SRNA (small RNA)

- RNAI (interfering RNA)
Only in eukaryotes - SNRNA (nucleolar RNA)
- sSnoRNA (small nucleolar RNA)
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Gene prediction

Gene structure - Prokaryote

5 3’

I I Putative protein coding gene I

Promoter region (maybe)

Transcription start signal (maybe)

l = Profiles from coding and non-
Transcription termination signal (maybe) coding regions

Open Reading Frame
Start codon / Stop Codon

(protein coding)
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Assigning function

Sequence analysis at amino acid level

Putative protein coding gene

Putative Product

Erik Hjerde Protein Group

E-mail:erikh@fagmed.uit.no Department of Molecular Biotechnology )/
Telephone: +47 77 64 62 63 Faculty of Medicine S
Fax: +47 77 64 53 50 University of Troms, Norway Y



Section H - Principles of genome annotation Bio 2304 Autumn 2007

Assigning function

Sequence similarities to characterised proteins

Putative protein coding gene

Homology search Pattern/motif search search
Transmembrane helices Secondary structure prediction
Signals Cellular location

Putative Product

sequence simitarity |||||{|11//////[[[[[TTTTTHITTITIT

e.g. BLAST search
against SwissProt

Protein with known function
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Assigning function

Sequence analysis at amino acid level

Putative protein coding gene

Homology search Pattern/motif search search

Transmembrane helices Secondary structure prediction

Signals Cellular location

Putative Product

Sequence similarity \H\H\HHHHH\H\HHH\HH

Prosite or Pfam
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Assigning function

Sequence analysis at amino acid level

Putative protein coding gene

Homology search Pattern/motif search search

Transmembrane helices Secondary structure prediction

Signals Cellular location

Putative Product

\_'_, . - _J
N-terminal Transmembrane h ot
. . .g. r in
export signal helices e.g search agains

SignalP and TMHMM
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Assigning function

Sequence analysis at amino acid level

Putative protein coding gene

Homology search Pattern/motif search search

Transmembrane helices Secondary structure prediction

Signals Cellular location

Putative Product

Amino acid composition Beta sheet
e.g. GIObUIar protein Alpha helix e_g_ search against Ce"o
and PredicProtein
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Cellular processes

Sequence analysis at pathway level
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Cellular processes

Sequence analysis at pathway level
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Annotation tools

Annotation is normally performed in two stages:

1. Find all the genes (gene prediction)

2. Add layers of biological information (homology and pattern searches)

Information is collected with sequence viewer tools, e.g. Artemis
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Annotation tools

Artemis

i Artemis Entry Edit: 002_h07.fas

File Entries Select View Goto Edit Create Write Graph Display

Selected feature: bases 1227 amino acids 409 D-3-phosphoglycerate dehydrogenase {flabel=D-3-phosphoglycerate dehydrogenase fevalue="0.000000e+00"
Entry: [V 002_h07.fas [C] Armotation. tab

(U1 A (AR TO0 A0SO O N OO0 O A O HON OO 1 NN RN ORI WA =
100N RO OO 0T O T OO O A OO O DV OO OO OO0 OO 00T OO0 OO O
O RRC RN 00T A1 1 10 WCTH VR RTAECTIROE CACE CERE CEREAATORTE R LA CRRE RO T

»

2200 |aa00 |ss00 |sa00 [11000 13200 [15400 17600 [29800 22000 24200 26400 28600 308

R

LI || UM ICU 7R IOt I AR TR U R 00 0000 OO 1NN 0 O
LR 1 TR 111 R CRCY {10 YT TR Y LI 1
| AN HOEE OO OMOT AN N 000 OO0 O 1 Minm A0 O

o | R R s R R ]~
F LW THTFNHTLAQSTILTFTFTIRMEKST?PHNHNYTFSREKDILRDUNTCEP?PTRITLSF*RTMNTITTTGCTFTLTILATHUH
F$G6GK?PISTTIWEPNRYTFTILSYVS®*XKAQ*CTTFE?POGRTILETTITP?PV®POQESTCDAQ®*IL QL VFCUWQEPT
$ L VvVN?PFQPFGP?PIVITFY?PYEZRKT?PUNDVILFOQETG?P?P+ROQYULSHEKUNTLYTHUNDTYNTLTFTFTYG6GUNIQQ
TTTCTCTGGTARACCCATTTCAACCATTTGGCCCAATCGTTATTTTTTATCCGTATGARAAGCCCAATGATGTACTTITTCCAGGAAGGACCTTAGAGACAATACCTGTCCCACAAGAATCTTGTGACGCACAATGATTACAACTTGTTITTTITGTTGECAACCAACAS

20 a0 so |sa 200 220 |40 260
|ARAGAGACCATTTGGGTAAAGTTGGTARACCGGGTTAGCAATARAAAATAGGCATACTTTTCGEGTTACTACATGARAAGGTCCTTCCTGGAATCTCTGTTATGGACAGGGTGTTCTTAGAACACTGCGTGTTACTAATGTTGAACARARRACAACCGTTGGTTGT]
ERTTFGN* GNPOGITTIZKTE$GYSFGLSTS S K®WS PG #LCYRDUWILFRTTYTCILS L KNEKTTEPILUC
R QYVY W¥WKILUWEXAWDDNU NEKTIRTITFTLSGITITYZ XKETLTFS SRILSILYQQG6VYLIEKSHRTYTITITYVTYOQEKTEKTEA ATTILL
K EP L GMEVYV M QGLR$KEKDTHTFAWHHYE KG G®P?ILVYKSVYVIGTGCSDOQS ACHNTCSTZERT QQOQCG V Y
JZ [»]~
[a
« [»]~
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Annotation tools

Artemis

i Artemis Entry Edit: 002_h07.fas

File Entries Select View Goto Edit Create Write Graph Display

Selected feature: bases 1227 amino acids 409 D-3-phosphoglycerate dehydrogenase {flabel=D-3-phosphoglycerate dehydrogenase fevalue="0.000000e+00"
Entry: [v] 002_h07.fas [] Annotation.tab [v] ORFS_100+
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FSG6GKP?PISTTIUWEPHNRTYTPFTLSYS®cKAQ?®*»CTTFEPGRTLETTITPTYEPQES SCDAOQ®LQLFY¥FCUQEPT
S LV NPFOQEP?FGEPIYVIFTYPYETEKTP?NDTYTLTFQ QETGP?+ROQYLSHEKEHNLYTEHENDTYIHNLTFTFTYGHNQQ
TTTCTCTGOTAAACCCATTTCAACCATTTGGCCCARTCOTTATTTTTTATCCGTATGARAAGCCCARTGATGTACTTTTCCAGGARGGACCTTAGAGAC AATACCTETCCCACAAGARTCTTGTGACGCACARTGATTAC AACTTGTTTTTTGTTGGCAACCACAS
|20 a0 lso |so 200 220 |40 260
|4AAGAGACCATTTGGETARAGTTGETARACCGEGTTAGC AATARARAATAGGC ATACTTTTCGEGTTACTACATGARAAGETCCTTCCTGGAATCTCTGTTATGGACAGGETGTTCTTAGAACACTGE GTETTACTAATGTTGAACAAAAAACAACCOTTGGTTGT]
ERTFGHN™*GHNPGITTIEKTE4GYSFGLSTSEKUYWS?PG6LCYRDUWILFRTTYCLS§LEKENEKTEPLUuHC
RQYVYUWEKLTUYEKATUWDNNEKIRTITFLGIITYERKETLTFS 5RLSLYOQGYLIKEHERTYTIIYTYOQEKEKTEATL.L
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CD3 5226 6224 none
4« [»]~
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Annotation tools

Artemis

Ario d 00 0 7 F (=157
File Entries Select View Goto Edit Create Write Graph Display Selec'l’ed fea'rur‘es
Selected feature: bases 1227 amino acids 409 D-3-phosphoglycerate dehydrogenase {flabel=D-3-phosphoglycerate dehydrogenase fevalue="0.000000e+00"
Entry: [Vl 002_h07.fas [V] Annotation.tab ACTIVC en'l'l"y
— b > [ B
L-aspartate oxidase Transpose, I$5982 aerobic
Conserved hypothetical protein jothetical Erocein Formate acetyl transferase-related
Aminomethyltransferase predi S-formyltetr: D-3-phosphoglycerate dehydrogenase ypothetical protein
Overview window
2200 |aa0o |ss00 |sa00 [1000 |23200 15400 [27600 |29800 22000 24200 26400 28600 30
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I o | N ] |

sigma-E RNA polymerase sigma-E factor protein uracil-DNA glycosylase synthase ine dehydrogenase

I»]~]
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RKIDPNGD##IHEN*TP#QVIQ#VNNTCHAYLSAKFGYDIAHLINLVAKK“RTLSEI
vVK+1PHNATHNEKYTRTETPHENRSFS SEKLIILYTLTS 5O aQLlsLVHET+HT® I+ W1LEKHNDETLG§$?
COTAAAATAGATCCCAATGOCGACTAATARATACAC GAGAACTGAACCCCATARCAGGTCATTCAGTARGTTAATARTACTTGTCACGE TTACCTCTCAGCTARGTTTGGTTATOACATAGCACACTTGATARATTTAGTGGCTALAAAATGAC GAACTTTA . .
18300 18520 |18940 18960 18380 19000 19020 19040 DNA view window
|6CATTTTATC TAGGETTACE GETGATTAT T TATETGCTC TTGACTTGEGETATTGTCC AGTAAGTCATTC AR TTATTATGAAC AGTGC GARTGAGAGTCOATTC ARACCARTACTOTATC TGO TG AACTATTTAAATC ACCGATTTTTTACTGCTTGARAT v
T F Y I 61T AV L LYV LV S G WL LDNLLNITISTV]5VET® SLKTIVYVTYCYQYTI#HSFTFS S5 # A
Y FLDUVHRSTIFGVRSSFGHNYP®E ETLEH4YTYKDREKGRTLG+TOQNHCLYSSLHELP+FIGVFE KLDR
R 1 I S 6 L P S+ YICSFQVGYCTH=YTLLYQ®h4REGALDNTPGE$S5HACKTIFEKTALFHRLYE.L

[~
M cos 42 216 ¢ sigma-E factor regulatory protein RseC  Vibrio parahaemolyticus RIMD 2 8e-10
223 1198 ¢ sigma-E factor regulatory protein RseB Vibrio cholerae 01 biowareltor le-104
.CDS 1201 1846 ¢ sigma-E factor negative requlatory prot Vibrio parahaemolyticus RIMD 22 le-54
.CDS 1848 2442 c RNA polymerase sigma-E factor Vibrio parahaemolyticus RIMD 22 2e-89
CcDs 2746 4359 L-aspartate oxidase Vibrio parahaemolyticus RIMD 2 0.0
CcDs 4831 5089 ¢ Uncharacterized conserved protein Vibrio vulnificus CMCP6 8e-37
. CDS 5268 6221 predicted aminomethyltransferase Vibrio vulnificus YJOl6 2e-86 I'
CDS 6716 6889 conserved hypothetical protein Vibrio parahaemolyticus RIMD2Z 2e-14 FeaTur‘e 'ST
.CDS 6978 8181 ¢ VisC protein Vibrio parahaemolyticus RIMD 2 le-158
CcDs 8186 9383 ¢ 2-polyprenyl-6-methoxyphenol hydroxylase Vibrio wulnificus CMCP6& le-104
CDS 9385 10030 ¢ Uncharacterized protein conservedin bact Vibrio wulnificus CHMCPE le-49
CcDs 10190 10528 conserved hypothetical protein Vibrio cholerae 01 biowar elto 6e-21
.CDS 10746 11324 S-formyltetrahydrofolate cyclo-ligase Vibrio vulnificus CMCP6 3e-62
Ch 11472 12125 rihose- G- i Yihria luticus BRIMD 2 Se-95
< IDES
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Annotation tools

Artemis

A o d

File Entries Select View Goto Edit Create Write Graph Display

Entry:

—

L-aspartate oxidase

£ Graphs for: D

Kyte-Doolittle Hydrophobicity Window size: 7

[V 002_h07.fas [V Annotation. tab
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Hopp-Woods Hydrophilicity Window size: 7
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Formate acetyl transferase-related

D

rmyltetr: D-3-phosphoglycerate dehydrogenase ypothetical protein

[27600 |29800 22000

£ Feature infomation:

Selected feature: bases 1227 amino acids 409 D-3-phosphoglycerate dehydrogenase {flabel=D-3-phosphoglycerate dehydrogenase fevalue="0.000000e+00"
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D-Ri-phosphoglycerate dehydrogenase
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CEX

Ala {A): 37 Met (M): 7 T c A G L
Arg (R): 16 Phe (F): 14 ALL: 332 27% |[Phe 8 57% |[Ser 8 32% |[Tyr 4 44% |Cys 5 ALL |t
{N): 20 Pro (P): 15 lst: 67 16% |[Phe 6 42% [[Sexr 0 0% |Tyr 5 555 |[Cys 0 0% ||
{(D): 15 Ser ($): 25 T[2nd: 124 30% |[Lew 11 25% |[Ser 13 52% |[0cx 0 ALL |[0pl 0 ALL ||ja
Cys (C): 5 Thr (T): 24 3rd: 141 34% |[Lew 6 13% [[Sex 0 0% |Amb 0 ALL |[Trp 1 ALL ||y
Gln (Q): 14 Trp (W): 1 |
Glu (E): 32 Tyr (Y): 9 ALL: 255 20% ||Leu 10 23% |[Pro 5 33% |His 8 66% |[Arg 8  50% ||t |
Gly (G): 35 WVal (V): 28 lst: 81 19% |[Lew 0 0% [[Pro 1 6% |His 4  33% |larg 3 18% |[c
His (H): 12 Opl (*): 0 Clznd: 97 23% |[Lew 12 27% [[Pro & 53% |[Gln 14 ALL ||Arg 3 18% [ja
Ile (I): 32 Ocr (#): 0 3rd: 77 18% |[Lew 4 9% [[Prol 6% |[Gln 0 0% [Axg 0 0% ||y

Leu (L): 43 &mb (+): O
Lys (K): 25 -—- (.): O —
ALL: 392 31% ||Ile 18 56% |Thr 6 25% |lasn 10 50% |[Ser 4  16% ||t
lst: 114 27% |[Tle 11 34% |[Thr 7 29% |Asn 10 50% |[Sex 0 0% ||c
Alend: 127 31% |[Ile 3 9% |Thr 8 33% |[Lys 21 84% [lArg 2 12% |ja
3rd: 151 36% ’Het 7 ALL |Thr 3 12% |[Lys 4 16% [lArg 0 0% ||y
MLL: 248 20% |[val 9 32% ||Ala 12 32% |[Asp 9  60% |[Gly 17 48% ||t |
lst: 147 35% |[Val 7  25% [lAla 7 18% |Asp 6  40% |[Gly 10 28% ||c
Glznd: 61 14% |Val 9  32% [lAla 15 40% |Glu 29 90% |[Gly 3 8% |ja
3rd: 40 9% |Wal 3 10% [jAla 3 8% (Glu 3 9% |[Gly 5 14% ||y

Mol weight: 44400.51 Start: 13338 End: 14564 Bases: 1227 Ad length: 409)
position 1/2 score = 53.0 C3/Gl/G3 (o-e)fe = -9.4 77.8 -51.6 40.99% GC
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