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EEHNR5rk =» BEHFEFIR

ACACTCGCTTCTGGAACGTCTGAGGTTATCAATAAGCTCCTAGTCCAGACGCCATGGGTCATTTCACAGAGGAGGACAAGGCTACTATCACAAGCCTGTGGGGCA
AGGTGAATGTGGAAGATGCTGGAGGAGAAACCCTGGGAAGGCTCCTGGTTGTCTACCCATGGACCCAGAGGTTCTTTGACAGCTTTGGCAACCTGTCCTCTGCCT
CTGCCATCATGGGCAACCCCAAAGTCAAGGCACATGGCAAGAAGGTGCTGACTTCCTTGGGAGATGCCACAAAGCACCTGGATGATCTCAAGGGCACCTTTGCCC
AGCTGAGTGAACTGCACTGTGACAAGCTGCATGTGGATCCTGAGAACTTCAAGCTCCTGGGAAATGTGCTGGTGACCGTTTTGGCAATCCATTTCGGCAAAGAAT
TCACCCCTGAGGTGCAGGCTTCCTGGCAGAAGATGGTGACTGCAGTGGCCAGTGCCCTGTCCTCCAGATACCACTGAGCTCACTGCCCATGATTCAGAGCTTTCA
AGGATAGGCTTTATTCTGCAAGCAATACAAATAATAAATCTATTCTGCTGAGAGATCACACATTTGCTTCTGACACAACTGTGTTCACTAGCAACCTCAAACAGA
CACCATGGTGCATCTGACTCCTGAGGAGAAGTCTGCCGTTACTGCCCTGTGGGGCAAGGTGAACGTGGATGAAGTTGGTGGTGAGGCCCTGGGCAGGCTGCTGGT
GGTCTACCCTTGGACCCAGAGGTTCTTTGAGTCCTTTGGGGATCTGTCCACTCCTGATGCTGTTATGGGCAACCCTAAGGTGAAGGCTCATGGCAAGAAAGTGCT
CGGTGCCTTTAGTGATGGCCTGGCTCACCTGGACAACCTCAAGGGCACCTTTGCCACACTGAGTGAGCTGCACTGTGACAAGCTGCACGTGGATCCTGAGAACTT
CAGGCTCCTGGGCAACGTGCTGGTCTGTGTGCTGGCCCATCACTTTGGCAAAGAATTCACCCCACCAGTGCAGGCTGCCTATCAGAAAGTGGTGGCTGGTGTGGC
TAATGCCCTGGCCCACAAGTATCACTAAGCTCGCTTTCTTGCTGTCCAATTTCTATTAAAGGTTCCTTTGTTCCCTAAGTCCAACTACTAAACTGGGGGATATTA
TGAAGGGCCTTGAGCATCTGGATTCTGCCTAATAAAAAACATTTATTTTCATTGCACACTCGCTTCTGGAACGTCTGAGGTTATCAATAAGCTCCTAGTCCAGAC
GCCATGGGTCATTTCACAGAGGAGGACAAGGCTACTATCACAAGCCTGTGGGGCAAGGTGAATGTGGAAGATGCTGGAGGAGAAACCCTGGGAAGGCTCCTGGTT
GTCTACCCATGGACCCAGAGGTTCTTTGACAGCTTTGGCAACCTGTCCTCTGCCTCTGCCATCATGGGCAACCCCAAAGTCAAGGCACATGGCAAGAAGGTGCTG
ACTTCCTTGGGAGATGCCACAAAGCACCTGGATGATCTCAAGGGCACCTTTGCCCAGCTGAGTGAACTGCACTGTGACAAGCTGCATGTGGATCCTGAGAACTTC
AAGCTCCTGGGAAATGTGCTGGTGACCGTTTTGGCAATCCATTTCGGCAAAGAATTCACCCCTGAGGTGCAGGCTTCCTGGCAGAAGATGGTGACTGCAGTGGCC
AGTGCCCTGTCCTCCAGATACCACTGAGCTCACTGCCCATGATTCAGAGCTTTCAAGGATAGGCTTTATTCTGCAAGCAATACAAATAATAAATCTATTCTGCTG
AGAGATCACACATTTGCTTCTGACACAACTGTGTTCACTAGCAACCTCAAACAGACACCATGGTGCATCTGACTCCTGAGGAGAAGTCTGCCGTTACTGCCCTGT
GGGGCAAGGTGAACGTGGATGAAGTTGGTGGTGAGGCCCTGGGCAGGCTGCTGGTGGTCTACCCTTGGACCCAGAGGTTCTTTGAGTCCTTTGGGGATCTGT
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BHEH;FFF (Genome annotation)

L BEMERS TR, URRARSERENS
REHTREE TR, B NAT R RASTRR— M.

= 2543 8E (Structural annotation) : ER{MEHREEMES
- IRE 7$¥=|= (Functional annotation) : EREINEEKEEIES

- BRY: {RAIERERYFEERE *%D,\ﬂi’, fInRecit (848
TRISE * HEJn?aﬁijNA R ERERY. ARTEE)
?EILJ,\E_%—?—IJJ (f5: ENCODE) ,

- BY: BEREFRE _%—7—6 REIVEN, — M NE ?HEI’WT{EEM%

T EFHA)- $4=EI’J he, - ?E,__hi-_LTMEE%EI)JﬁbEI’J A=

52 75']%']12#@@*&@%6%%8’]1‘9%

Genome annotation: from sequence to biology. Nature Reviews Genetics 2001
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HEH;EFF11¥]: ENCODE

ENCODE Encyclopedia Version 2:
- e’ S Genomic and Transcriptomic Annotations

» —

e

Whal‘t? ‘ 4 077 ‘ ‘ ,7 3
Protein-evel amitianan ﬂFuncﬁunal genomics W Encyclopedia of elements
-,"’ g‘\: ;"/ / ., " € > \"‘- 3 ?3:"7 = ’l.‘ = - o — — = >
Y \i e 4’;@‘,{% _ _ | .
2 A SCESEE o ﬁ The goal of ENCODE is to build a comprehensive parts list of

functional elements in the human genome, including elements that act
at the protein and RNA levels, and regulatory elements that control
cells and circumstances in which a gene is active.

The ENCODE has two levels of annotations:

* Integrative-level annotations integrate multiple types of
experimental data and ground level annotations.

« Ground-level annotations are derived directly from the
experimental data, typically produced by uniform processing
pipelines.

Genome annotation: from sequence to biology. Nature Reviews Genetics 2001
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Genome Annotation

m National Library of Medicine Home  Writetothe HelpDesk ~ Q

NLM Support Center > Knowledge Base > KA-03574

What is genome annotation? Rprint

Views: 3746

Genome annotation is the process of finding and designating locations of individual genes and other features on raw DNA sequences, called assemblies. Annotation gives

meaning to a given sequence and makes it much easier for researchers to view and analyze its contents. To visualize what annotation adds to our understanding of the
sequence, you can compare the raw sequence (in FASTA format) with the GenBank or Graphics formats, both of which contains annotations. In both instances note the
placement of individual genes and other features on the sequence.

When a group of researchers assemble a genome, they may also — with processes they establish themselves — annotate it at the same time. In the past, an assembly with

annotation was known as a build. These days, the term build is rarely used, as the genome assembly process and its annotation process are often completely uncoupled.

They can be conducted at different times by different parties. For example, the Genome Reference Consortium (GRC) is maintaining and updating the human reference
assembly. GRC releases assembly (sequence) updates and deposits these to the International Nucleotide Sequence Database Collaboration (INSDC) without annotation.
GRC prepared the latest major assembly update (major release designated as GRCh38) in December 2013 and it has since followed with several minor updates (patches). In
further processing of an assembly update, the NCBI staff creates a RefSeq version of the submitted INSDC assembly. Following that, NCBI annotates the RefSeq version of
the assembly. Each annotation release has its own designation and time stamp. For example, the latest (as of May 2021) NCBI annotation release is designated as Release
109.20210514.

In addition of the human reference genome, NCBI staff annotate numerous eukaryotic genomes via the powerful Eukaryotic Genome Annotation Pipeline. Visit

the Eukaryotic Genome Annotation at NCBI page to start exploring extensive documentation on the annotation process, and to follow the progress of individual genome
annotation.

NCBI staff have also developed the Prokaryotic Genome Annotation Pipeline that is available as a service to GenBank submitters and also as a stand-alone software
package.

https://support.nim.nih.gov/knowledgebase/article/KA-03574/
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EE'?.EIE**

RBERARREER, HROERRRE

ACACTCGCTTCTGGAACGTCTGAGGTTATCAATAAGCTCCTAGTCCAGACGCCATGGGTCATTTCACAGAGGAGGACAAGGCTACTATCACAAGCCTGT
GGGGCAAGGTGAATGTGGAAGATGCTGGAGGAGAAACCCTGGGAAGGCTCCTGGTTGTCTACCCATGGACCCAGAGGTTCTTTGACAGCTTTGGCAACC
TGTCCTCTGCCTCTGCCATCATGGGCAACCCCAAAGTCAAGGCACATGGCAAGAAGGTGCTGACTTCCTTGGGAGATGCCACAAAGCACCTGGATGATC
TCAAGGGCACCTTTGCCCAGCTGAGTGAACTGCACTGTGACAAGCTGCATGTGGATCCTGAGAACTTCAAGCTCCTGGGAAATGTGCTGGTGACCGTTT
TGGCAATCCATTTCGGCAAAGAATTCACCCCTGAGGTGCAGGCTTCCTGGCAGAAGATGGTGACTGCAGTGGCCAGTGCCCTGTCCTCCAGATACCACT
GAGCTCACTGCCCATGATTCAGAGCTTTCAAGGATAGGCTTTATTATLCAACCAATACAAATAATAAATCTATTCTGCTGAGAGATCACACATTTGCTT
CTGACACAACTGTGTTCACTAGCAACCTCAAACAGACAC( IGAGGAGAAGTCTGCCGTTACTGCCCTGTGGGGCAAGGTGAA
CGTGGATGAAGTTGGTGGTGAGGCCCTGGGCAGGCTGCT( CCAGAGGTTCTTTGAGTCCTTTGGGGATCTGTCCACTCCTGA
TGCTGTTATGGGCAACCCTAAGGTGAAGGCTCATGGCAAC TAGTGATGGCCTGGCTCACCTGGACAACCTCAAGGGCACCTT
TGCCACACTGAGTGAGCTGCACTGTGACAAGCTGCACGT( SCTCCTGGGCAACGTGCTGGTCTGTGTGCTGGCCCATCACTT
TGGCAAAGAATTCACCCCACCAGTGCAGGCTGCCTATCAC SGCTAATGCCCTGGCCCACAAGTATCACTAAGCTCGCTTTCT
TGCTGTCCAATTTCTATTAAAGGTTCCTTTGTTCCCTAAC SGGATATTATGAAGGGCCTTGAGCATCTGGATTCTGCCTAAT
AAAAAACATTTATTTTCATTGCACACTCGCTTCTGGAAC SCTCCTAGTCCAGACGCCATGGGTCATTTCACAGAGGAGGAC
AAGGCTACTATCACAAGCCTGTGGGGCAAGGTGAATGTG( ACCCTGGGAAGGCTCCTGGTTGTCTACCCATGGACCCAGAGG
TTCTTTGACAGCTTTGGCAACCTGTCCTCTGCCTCTGCC! STCAAGGCACATGGCAAGAAGGTGCTGACTTCCTTGGGAGAT
GCCACAAAGCACCTGGATGATCTCAAGGGCACCTTTGCC( IGTGACAAGCTGCATGTGGATCCTGAGAACTTCAAGCTCCTG
GGAAATGTGCTGGTGACCGTTTTGGCAATCCATTTCGGC! STGCAGGCTTCCTGGCAGAAGATGGTGACTGCAGTGGCCAGT
GCCCTGTCCTCCAGATACCACTGAGCTCACTGCCCATGAT 4 AGGCTTTATTCTGCAAGCAATACAAATAATAAATCTATTCTG
CTGAGAGATCACACATTTGCTTCTGACACAACTGTGTTC! J ACACCATGGTGCATCTGACTCCTGAGGAGAAGTCTGCCGTTA
CTGCCCTGTGGGGCAAGGTGAACGTGGATGAAGTTGGTG( ‘ IGCTGGTGGTCTACCCTTGGACCCAGAGGTTCTTTGAGTCCT
TTGGGGATCTGTCCACTCCTGATGCTGTTATGGGCAACC( SCAAGAAAGTGCTCGGTGCCTTTAGTGATGGCCTGGCTCACC
TGGACAACCTCAAGGGCACCTTTGCCACACTGAGTGAGC" - ACGTGGATCCTGAGAACTTCAGGCTCCTGGGCAACGTGCTGG
TCTGTGTGCTGGCCCATCACTTTGGCAATAAATCTATTCTGCITGAGAGATCACACATTTGCTTCTGACACAACTGTGTTCACTAGCAACCTCAAACAGA
CACCATGGTGCATCTGACTCCTGAGGAGAAGTCTGCCGTTACTGCCCTGTGGGGCAAGGTGAACGTGGATGAAGTTGGTGGTGAGGCCCTGGGCAGGCT
GCTGGTGGTCTACCCTTGGACCCAGAGGTTCTTTGAGTCCTTTGGGGATCTGTCCACTCCTGATGCTGTTATGGGCAACCCTAAGGTGAAGGCTCATGG
CAAGAAAGTGCTCGGTGCCTTTAGTGATGGCCTGGCTCACCTGGACAACCTCAAGGGCACCTTTGCCACACTGAGACTTGGGAACTGTCAACCGTTTA
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HESETE: SSTEimsTE

Genome Annotation
U U
Structural Annotation Functional Annotation
ORFs, genes Biological function
Regulatory elements Biochemical function
Repeat elements Regulatory function

Like parenthood, genome annotation responsibilities do not end with birth. Ton stops to get started i

A beginner's guide to TR Tk sk £t e 1y
eukaryotic genome annotation. - EEQEFE%FZ:EB = QEZ: = % Genome Assembly and
Nature Reviews Genetics 2012 Annotation. F1000Research 2018

Successful genome annotation projects do not just end with the publication of a paper; they should produce
sustainable resources to promote, extend and improve the genome annotation life cycle.
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Curation: value-added annotation

- Curation (88%g) involves the annotation, ”‘“‘ Genorics, Proteoics & Bionformaics
translation, presentation and publication of
the data into a database that enables Bringing Biocuration to China

O =, Weimin Zhu %3, Jingchu Luo *

Zhang Zhang

iIntegration of the scientific literature as well

+ Add to Mendeley o& Share 33 Cite
aS I ar g e d at a S etS . /\ Il‘.lL‘”“” i(“] ']I https://doi.org/10.1016/j.gpb.2014.07.001 Get rights and content »
’ SUCK‘[\ I.UI' Under a Creative Commons license 7 ® open access
° P l I f l . \) Biocuration
rimary goals of curation:
http://www.biocurator.org Abstract

\/ aCC u rate an d CO m p re h e n S Ive Biocuration involves adding value to biomedical data by the processes of

standardization, quality control and information transferring (also known as

data annotation). It enhances data interoperability and consistency, and is

re p rese ntatl O n Of b I O I Og I Cal kn OWI e d g e ; critical in translating biomedical data into scientific discovery. Although

China is becoming a leading scientific data producer, biocuration is still very

\/ e asy acceSS to th IS d ata 'I:O r WO rkl n g new to the Chinese biomedical data community. In fact, there currently

lacks an equivalent acknowledged word in Chinese for the word “curation”.

. 1 1 1 Here we propose it§Chinese translation as “#i %" (Pinyin: shén bian )| based
SC I e ntl StS an d a b aS I S fo r CO m p Utatl O n al on its implied meanings taken by biomedical data community. The 8th
International Biocuration Conference to be held in China

an aIyS I S . (http://biocuration2015.tilsi.org /) next year bears the potential to raise the

general awareness in China of the significant role of biocuration in scientific
discovery. However, challenges are ahead in its implementation.

Bioinformatics: Curation generation. Nature 2011
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B2ESE

[RiZEDEESEN Regulatory Coding Region Termination

region i ’
5’ end o " . S 3'end
( [T I I = T I D
Intergenic DNA  Distal Proximal Intergenic DNA
PICHS:  Fromaier Transcription
—» |
5 end | | Il 1 3’end
AU UGA
Start UAA
: UAG
RNA transcript Sing
HiZEMERESEE o
5' UTR Coding region
upstream 3'UTR
o
enhancers TATA box
Br cor Exon 3
'o'ﬂie' Exon 1 Exon 2 * DNA
s O B I .0 3
Intron 1 Intron 2

Initial transcript
5' cap (Still in nucleus) 3' Poly-A tail
3)

AAAAA
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FizENEEEIFRE

EEARFF
JRASE E TN JEmASE E T
HETN | wp | L | o] L BN
[FRER XS rRNA

e e il Ml [ ncei nr<

'K UniProt

A 4

GO/KEGGjEHE

NCBI NR (Non-Redundant Protein Sequence Database)
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BHizEMEEEIERE

HERAEF
ESRISEE TN
BEFFIN SRR RNA
‘ R L JRNA
HEIRN | Wy | | EEESH | | =] | miRNA |
 ERAER _ncRNA_
glj;ﬁmﬁz BLAST / NCBI nr
o= \_ Uniprot \ L s
GO/KEGGTIZ
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B EmAREE

- IRMSRFR: BULROW, BEHETHRARESY, BEE. M
=
- FHESCIOTIN iﬁiiii,%:me NAFAFITHRABES, ohSKER,; &
EHm. ANE (EMEEREF)
- ETFERZSWFIHES
- ETFREIEERER

ELRER)
HR S

G f(g,fq»/{%ﬁx_é’ HE4HZ: - Genomics



hix—: BEFEESHEBILES

R EERFSIFAERENTHEY, MEREEIHERHE, TETNIEEIE
(Open reading frame, ORF) FERX

Gene

/ \

ATG AAA TTA TTA TTA .. GGT ACA CAT AAA AAG TGA

E_IﬁEEI(J { GAA ATT —>

N —
73FHORF ATG AAA —>

5 ATGAAATTATTATTA .. GGTACACATAAAAAGTGA 3
3 TACTTTAATAATAAT .. CCATGTGTATTTTTCACT 5’

<— TTC ACT
<— TTT CAC

<— TTT TCA
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hix=: BEFRiREEEE

B EIEEFTHNERFY SHEENEREFRYIHITIER, NFEKHA
SZLERREFYIRELCE, BTREERRIGEARARIREE,

alRERESLITLAER:
DNAFRFIEL F S E 18
ORFHEFISHIL

= ORFEIERHRERR S EE
EHLZ ISR EFITEI

\;




[FiREEIRYRE

- BEZRERER (Orthologous gene) - =EZ[ERERE (Paralogous gene)
IENE—HEEEH IR ER ERTEESFMm~ENRIREER
AEZEHE AR FEEEINEEHREHEIE, =R EIREEEENEIHERE, ©fi]
AR EN, EEEEREFS EFYEEFIEE LT e T 1EAE

HYERT, ERAUSEAEE

. / . J/
\ g = 4 Y
Orthologs () " Orthologs (R)
Paralogs (cattle)
W —
-~
Homologs
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RiRTE, ATER—EE

- [EiEME (Homology) : #MtEREFIEFRE—BIHAR S,
_>i<} AR Z [BIRUH R ER, FrLATERLNRMEERZRIAF R EERE
"B" BE& "L, BTEEEA.

- fE{LTE (Slmllarlty) o\ Z Bl = 5B NFRYIRIEL I,
BT EEiA.

- —EE (Identity) : FRAIZIBfERA R SN FYIRIELAE], 1
XYeHERSHN— Mk, BTFEShEA.
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RO vs —FE

The percentage of identical residues (identity) or the percentage of residues conserved
with similar physicochemical properties (similarity), is usually used to "quantify the

homology."
hemoglobin subunit beta-like [Canis lupus familiaris]

Sequence ID: NP_001257812.1 Length: 147 Number of Matches: 1
See 1 more title(s) v

Range 1: 1 to 147 GenPept Graphics

Score Expect Method Identities Positives aps
275 bits(702) 2e-96 Compositional matrix adjusty 132/147(90%)Q138/147(93%) j0/147(0%)

Query 1 MVHLTPEEKSAVTALWGKVNVDEVGGEALGRLLVVYPWTQRFFESFGDLSTPDAVMGNFK 60
MVHLT EEES V+ LWGEVHVDEVGGEALGELLAVYPWTQRFF+5FGDLSTPDAVM N K
Sbjet 1 MVHLTAEEKSLVSGLWGEVNVDEVGGEALGRLLIVYPWTQRFFDSFGDLSTPDAVMSNAK 60

Query 61 VEAHGEKEVLGAFSDGLAHLDNLEGTFATLSELHCDKLHVDPENFRLLGNVLVCVLAHHFG 120
VEBRHGKEVL +F5DGL +LDNLEGTFA LSELHCDELHVDPENF+LLGNVLVCVLAHHFG
Sbject 61 VEARHGEEVLNSFSDGLENLDNLEKGTFAKLSELHCDKLHVDPENFELLGNVLVCVLAHHFG 120

121 EKEFTPPVQAAYQEVVAGVANALAHKYH 147 c . .
wuery KEFTP ugmygmﬂwmmaﬂmﬂ In BLAST, similarity refers to

Sbject 121 EEFTPQVQAAYQEVVAGVANALAHKYH 147 a posrtlve matrlx score.
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RiRE. —EEFMECE: =aRXR

o "HEFFINRIRE" Regmirs ‘BT 3 T FEiREAGEEK.

o MARIMEFI—EBUET IR MENABRIBEXN BTSSR, —ikits,
HEMBNE > — 2RI,

o —HERIR, FRAZEREIEN—EERE, F7IZ R geEERX.

» BAREIFRERERS EERLUE, ERUNEIIA—EERE.

THXEBmMAZ=F1EHHRATmEmA
AZENP_000509.1F%%! (hemoglobin subunit beta, 1471M&ERR) S¥HINP_001257812.1FF%!
(hemoglobin subunit beta-like, 147MEEER) BEIE, BIAEEIX93%, —EHX90%.,

&R .';(g,fq;;ﬁg x_/; HEYB% - Genomics


https://blast.ncbi.nlm.nih.gov/Blast.cgi
https://www.ncbi.nlm.nih.gov/protein/NP_001257812.1?report=genbank&log$=protalign&blast_rank=1&RID=7KKERSCV01R

Amino Acid Similarity Network

30 “40 “s0F 270 8O0 ¥ 90 1004 © 2 -1 0 1 2 3 4

@, ()

http://ahmetrasit.com/blosum/
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Node Color Node Size

© Chemicall O Matrix score

1 Chemical2 ' Hydropathy

O Polarity Spl

“Charge T pK1

“'Hydrophobicity T pkK2

“Acid or Base “van der Waals

"~ Codon count T Occurrence

“ Essentiality “'Mass(Da)
Acidic Aliphatic Aromatic
Basic Cyclic Hydroxyl/Sulfur

Cysteine

103.1388 Da | 1.9%

UGy, UGC

The sulfur atom bonds readily to heavy
metal ions. Under oxidizing conditions, two cysteines
can join together in a disulfide bond to form the amino
acid cystine. When cystines are part of a protein, insulin
for example, the tertiary structure is stabilized, which
makes the protein more resistant to denaturation;
therefare, disulfide bonds are common in proteins that
have to function in harsh environments including
digestive enzymes (e.g., pepsin and chymotrypsin) and
structural proteins (e.g., keratin). Disulfides are also
found in peptides too small to hold a stable shape on
their own {e.g. insulin).



http://ahmetrasit.com/blosum/
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[FtZE E B S TR E =T

[EZE R 2B580%-90% 1 FS 54R185
- WNRBEE N8 containeddJORF, [

gEaE—) ?
- EFLEMERME

e
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[
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Rzt E E

- FEZEMERNSIMESUR (WRIFHIZRLEHESMNR) BRERGEREEZ R,

AN AERFTN S EZELERNH. ProdigalfGlimmerNA&RAI ZHIRZEYE

REEFTRNER, HERES.

- [RIE BURmERERE, K2

ATG (VEIGTG. TTG)FFIARY
I8, BEITGA. TAG. TAA,

Zlik¥F: ERZMERS, BF
/LM ARERIMRNAEE—IE,
MUFR—HERBMA, HEZE
H—ERERIA RIS ER FRRY AP
SRR, SERRE—E=F

Z IR F
== -
EHT
EYS ta = o

5
o—— 1
5

%1 %2 %

DINA

I+

ERET | s - e

EMNA

DINA
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Stz 4mtDE E R

Glimmer: XAREREDREXRITE (IMM) KRBIREBXEHFAERIDXE, —iR{ER=F
T3 E61ER)||454E8S (Delcher et al. 2007. PMID: 17237039)

* AFEZKRARRIEAYIFERE

 AESFYIRIENORFEEE

- AREREARSNENES (ERABSHIRIENIGEIR)

Prodigal: [FZAEISHEEREXE L, FXFEZEVNERTITE, THESGCH
HEA, EftEERTEERYE (Hyatt et al. 2010. PMID: 20211023)

GeneMark: JRIZBZ2ERFITEREFIMNLITN (@b initio)777%, AKEEISIGRNRFZE
IS, BEAADNARS P ZEERAERIRE, FRRmBXINAEmE XA EER S mE
EAEFRHITEEFTN (Besemer, et al. 2001. PMID: 11410670)
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IESRRIRNA FEFURSFR

JE4RRBRNA (non- codlng RNA, ncRNA) , }E.EI’JZE/i\%EZ é‘314:)5,\2’“ [EHIRNA
tzutRNA 'RNAZ, XERNATRERIRNELR, (E2EEESI0EET

Hbo

« miRNA (/ARNA, microRNA) : LL_'ﬁEh{"‘{%RNA (MRNA) &5,
HMIFEREHNERRE, mEEERTKEX. AEEE. £k ssh
FELEEEE(ER.

« tRNA (3%1=RNA, transfer RNA) : EFRRERHANZER, F2E
MRNAIES FEERNR.

« rRNA (ZFERARNA, ribosomal RNA) : SEAREGESEIZTER, EI
BEElFAMRNARYSZZE, IREMRNA '«ﬁ%EJZE%' JFRAYSAFR.

« sSnRNA (/JViZRNA, small nuclear RNA) : FEZS5mMRNAGIARIIN TS
FE, EZB/IRFAEIMRNA, xERNA'E-"JtD{ZKE’J__%EJZ’ T

IJI'.l

WI'.I
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HEHRNATER

* rRNAFN
= RNAmmer: AEFSEFFIAIMNLTIN
= ERZEYIS, 88T 3RZEERIrRNA
» 5S rRNA

» 16S rRNA
» 23S rRNA

Web server: http://www.cbs.dtu.dk/services/RNAmmer/

Lagesen K, et al. 2007. PMID: 17452365
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http://www.cbs.dtu.dk/services/RNAmmer/

RNAmmer@J{E B

PUPIR PN
i N
SUBMISSION CENTERFO RNAmmer Predictionn Server - results TN
o
Paste a single sequence or several sequences in FASTA format info the field below: vALIEL ; — =
Selectkinggom U?input sequences ¢ ENCEANA Technical University of Denmark ‘
Bacteria v @1:':2%2 %
#eti-version?
#bsowrceversion Ridnmer-1.2 (Limme wwwapp0l 2.6, 34, 10-0. B-desktop #1 SME PREEWET 2011-12-13 15:27:35 +0100 x36_64 x36_64 256 64 G/ Linw)
& #date 2019-12-30
#lype IHA
Submit a file in FASTA format directly from your local disk: # saquane sowree faatwe  stat ad s W frane atbribute
: a #
Jﬁ}iﬁ EEJH%E@I# Contigf RMhnmer-1.2 (Limur wwwappdl 28,34 10-0. B-desktop #1 SWF FEEENPT 2011-12-13 18:27:38 40100 x38_B4 x98_B4 238 64 GHU/Linux) rRMA 2025 2139 WE - . 9z riA
Contig? Rihnmer-1.2 (Limwe wwwapp0l 2.6.34.10-0. 6-desktop #1 SWF FREENPT 2011-12-13 18:27:38 40100 x86_54 x85_64 x85_B4 GHU/Linux) rRHA 2191 5111 36001 - 23s_rBiL
Contig? Kfhomer-1.7 (i wwwappdl 2.8.34.10-0 B-desktop #1 WP FREENET 2011-12-13 13:2T:30 40100 8554 x95_64 x38_6d GMU/Linuw) rRMA 5EES  BBO4 0TT2 - 16s_rRHA
#
| Submit || Clear fields |
DOWNLOAD PREDICTION RESULTS
i @ HLER
At mostlt, 000 sequences pndff, 000,000 nucleatided per submission o —
: report

Confidentiality:
| The sequences are kept confidential and will be deleted after processing.

RNAMmerf®& £ %

rRNAIERESR
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tRNAFRERE

tRNAscan-SE: Za S MRBIFNoHE

HIRTRPRRTL. IRNAZZRGEMIRID T, RISt ol
RERZEURPAMERYIHIRTTE, TEFREEIRAI99%HYEIRNAZE

_% / Ei‘iﬁ*ﬁ /

Web server: http://lowelab.ucsc.edu/tRNAscan-SE/
Chan PP, et al. 2019. PMID: 31020551

5 PAMTRXY
v of Chinese Academy of Sciences
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http://lowelab.ucsc.edu/tRNAscan-SE/

tRNAscan-SE{EZ 55

Search options Results
Sequence source Bacterial . Download as fext
Sequence  tRNA tP'{ﬁtHned g’ﬂg’i" RNA RNA  HRNA Lo Intron Intron  Infernal Isotype Isotype Note
Search mode Defaul . Name # Stucture  GtRNAGb  Bedin End Type Begin End Score Model Score
MySeqi 1 | View| | View| 13 8 Thr TGT 0 0 780 Thr 9.1 None
Query Sequence o Formatied (FASTA) © Raw Sequence MySeq? 1 [Vew] [Vew] 5 7 Arg TCT 0 0 75 Ay 83 None
Sequence name (opfional): (no spaces) MySeq3 1 | View | | View 14 14 Ser CGA 51 [i2] 718 Ser 183 None
MySeqd 1 View View [ 8% Leu AAG 0 0 65.0 Leu 22 None
MySeqs 1 m m 3 ] 8eC TCA 0 0 1459 8eC 1469 None
MySeqs 1 | View| | View| 7 92 Lys cTT 0 0 721 Leu 757 IPD=-73.90

Isotype-Specific Model Scores:
Download as text

Isotype
{RNAscan  Anticodon Pre _Emun . |
D preglcted (A‘nllcndon Ala Arg Asn Asp Cys Gl Glu Gly His lle leu lys Met Phe Pro SeC Ser Thr Tp Tyr Val iMet
isotype V. Isotype
. Model

(Queries are limited fo a total of less than A million nucleotides at any one time) MySeqitmat Th

Consistent 626 632 481 344 704 624 219 33 609 660 285 464 652 198 471 N0 35 .599 586 613 71

Hit
or submit a file
MySeqz2.mal Arg Consistent 425.6?.8 202 424 451 300 3871 474 540 110 510 624 48 28 m 262 658 616 444 492 257
FEENIE FilterSM fasta
MySeq3.tmat  Ser Consistent 242 454 89 01 586 435 87 310 471 435 746 78 03 27 -115 m{ .453 282 510 190 Hﬁ
Clear Sequence
MySeqdtmal Leu Consistent 408 324 126 5.6 M6 237 m 268 506 305.-11.2 32 19 128 m 6.7 445 375 298 176 Hﬁ
Output Ouiput BED format e . ok _ o
y i 0 0 0 0 0 0 0 0
MySeq5.imat SeC Consistent Hi  Hit 54 21 34 -100 Hit 20 25 58 57 20 Ht | Ht -12?.-146 05 Hit 44 Ht Hit
' g No No
Run tRNAScan-SE MySegfitmat Lys Inconsistent 150 503 212 60 404 M1 92 233 629 553.13 16 21 25 N 24 519 %6 548 102 [P
Extended options -anhighwsmre 31d highest score
Disable pseudo gene checking
Show origin of first-pass hits Run Statistics:
Show primary and secondary sfructure components to scores Search options
(Genetic Code for {RNA Isotype Seaich Hode Eukaryotc ~,
Prediction: Universal - Searching with Infemal First Pass-»Infernal tR NA\ | *221%
Isolype-speciic model scan  Yes / I = |
Score cutof Covariance model models/TRNAint-euk.cm
Default cut-off value should only be changed for execptional conditions models/TRNAINF-euk-SeC.cm

Infermal first pass cutoff score 10

PaHTRK 5 EEHES - Genomics
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ncRNAFR;

. Infernal $E37 13,0162 1 RNAZFKIR, FXBNFKIKET L —3

f —Z *U*DTHE*’I‘EH ﬁ/ﬁETRfam &Jr_ﬁ =
o K _Rfamﬁﬁaelél’]’m?’i%*;%ﬂ, SXFARfamBmAYInfernalZ 4Tl
MiRNA. snRNARFFIZEENcRNA,

- Rfam/Infernalj/3;ZM AT 2, AILIFGNZFFRNAZRKER R, B2
SEMRE, WERE i&%ﬁ’]?l]ﬁ,ﬂ% KBRS RNARYE L
RN KSR IERNAT S TN,

Kalvari et al. 2018. PMID: 29927072




[FZEEHEFFRIE—PGAP

PGAP (Prokaryotic Genome Annotation
Pipeline) : B ISIERANERRER
M TRET, LI OERRR, 7 R
RERE TR AERERABRIARRIEM -
WARAIRILE, REXELTREE. _—
AFAERRNTR, SERENCBIRTF
M =R B FYIEZHIINSDCINE, FE I

FUniProtag & RN,

Al

1%
3

RNA genes
genome CRISPRs

NCBI prokaryotic genome annotation pipeline. Nucleic Acids Res. 2016

BEHZ - Genomics



[FZ BB H EFFRIE—RAST

Submit batches of

Sonome PO
¥ _—_#
RAST ( Rapid Annotation using Subsystem oo
2
Technology) : $tXI7EEHIERFIAE (draft ol

genome or complete genome) HAEFILE |
EREFTFETE. AJTARIUORF, rRNA, e, W[

. o ¥
tRNALARZ BN AITHRERE, eI LARI XS
FIGfam or annotation-
based
BHTR R, -
oroteins using
related
genomes
*
Remove
“reeturos” [™]  Genome
Brettin T, et al. 2015. PMID: 25666585 oy o on)

BEHZ - Genomics



[FZEEIH 5 iRiE—Prokka

Prokka: [RZERBTFENSITRAIE, SFEERSEE. DDEEER
FIEEBEE R SUGERL

Feature prediction tools used by Prokka

Comparison of annotation of E.coli K-12 accession U00036.2

Feature Reference Prokka RAST xBase2
Tool (reference) Features predicted Total CDS 4321 4305 4512 4444
Prodigal ( Hyatt 2010 ) Coding sequence (CDS) Matching start - 3828 3571 3025
RNAmmer ( Lagesen et al. , 2007 ) Ribosomal RNA genes Different start - 318 533 1052
(FANA) Missing CDS - 172 214 241
Aragorn ( Laslett and Canback, 2004 ) Transfer RNA genes Extra CDS _ 159 405 367
Hypathetical protein 18 276 638 156
SignalP ( Petersen et al. , 2011 ) Signal leader peptides
With EC number 1114 1050 1118 0
Infernal { Kolbe and Eddy, 2011) Non-coding RNA
Total tRNA 89 88 86 88
Total rRNA 22 22 22 22

Prokka: rapid prokaryotic genome annotation.
Bioinformatics 2014

RAYTRRY ELFE4H% - Genomics
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Nem m}
COGiHF§
COG (Clusters of Orthologous Groups of proteins, [EiEEBR%)
COG AR, —£2FRZEYRY (COG) , 3—xKE2EZEY (KOG) , xE'EEENCBIQU@

#QEJEFE’JEEEI*SGEF‘ COGEUEFIRRRITBE—HAI LA /A 17 3K, Rz YIThRE
IRENERSIEE, BrRicFLEEs.

COGs
Phylogenetic classification of proteins encoded in complete genomes

COGs on FTP Publications

mimiCOGs. Virel J. 2013 Apr 4:10:106.
2014 update of 2003 COGs. Nucleic Acids Res. 2015 Jan:43:D261-D269. vew
2014 archaeal COGs. Life 2015 Mar 10:5(1):818-840. rew

« 2003 COGs, 2014 update, HTML new « Qriginal COG paper. Science 1997 Oct 24;278(5338):631-7
» 2003 COGs, 2014 update, data Hew e 2003 database update. BMC Bioinformatics 2003 Sep 11;4(1):41
s 2003 COGs, original format & 2003 eukaryotic KOGs. Genome Biol. 2004 Jan 15;5(2):R7.
e 2003 KOGs, original format # Cyanobacterial COGs. Proc Natl Acad Sci U.S.A. 2006 Aug 29:103(35):13126-13131.
e 2003 COGs » Lactic acid bacteria COGs. Proc Natl Acad Sci [7.5.A. 2006 Oct 17;103(42):15611-15616.
o arCOGs Hew o 2007 archaeal COGs. Biol Direct 2007 Nov 27;2:33.
o NCVOGs o NCLDV COGs. Virel J. 2009 Dec 17:6:223.
o mimiCO0Gs « Improved COG algorithm. Bivinformatics 2010 Jun 15:26012):1481-1487.
# 2011 POGs, annotated « 2011 phage COGs. J Bacteriol. 2011 Apr:193(8):1806-1814.
o 2011 POGs, extended # Orthologs and BBH. Genome Biol Evol. 2012 Jan:4{12):1286-1294.
s 2013 POGs & 2012 archaeal COGs. Biol Direct 2012 Dec 14;7:46.
* COG software * 2013 phage COGs. J Bacteriol. 2013 Mar:;195(5):941-950.
-
-
L ]

The previously existing COG pages are retired.
omments and questions to cogs@ncbi.nlm.nih.g

| PEMTRRE ELFE4H% - Genomics

ov or to the project supervisor.
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BEEHTFER

COMMENT PROVISTIONAL REFSEQ: This record has not yet been subject to final
: H H NCBI review. The reference sequence is identical to U00096.
Escherichia coli str. K-12 substr. MG1655, complete genome o Now 3. 2013 this commence wmreion sepiaced NC 0009132,
NCBI Reference Sequence: NC 000913.3 Changes to proteins and annotation made on March 7, 2022. Current

U00096 annotation updates are derived from EcoCyc

FASTA  Graphics

https://ecocyc.org/. Suggestions for updates can be sent to

biocyc-support@ai.sri.com. These updates are being generated from a

Goto: [v) collaboration that includes EcoCyc, the University of Wisconsin,
UniProtKB/Swiss—Prot, and the National Center for Biotechnology
LOCUS NC_000913 4641652 bp DNA circular CON 09-MAR-2022 Information (NCBI).
DEFINITIONf Escherichia coli str. K-12 substr. MG1655, complete genome. COMPLETENESS: full length.
ACCESSION NC7000913 FEATURES Toration/hialifier
VERSION NC 000913.3 source 1..4641652
DBLINK BioProject: PRINASTTT9Y /organism="Escherichia coli str. K-12 substr. MG1655"
BioSample: SAMN02604091 /mol type="genomic DNA"
KEYWORDS  RefSeq. /strain="K-12"
SOURCE Escherichia coli str. K-12 substr. MG1655 /sub strain="MG1655"
ORGANTISM Escherichia coli str. K-12 substr. MG1655 /db_xref="taxon:511145"
Bacteria; Proteobacteria; Gammaproteobacteria; Enterobacterales; gene 190..255
Enterobacteriaceae; Escherichia. /gene="thrL"
REFERENCE 1 (bases 1 to 4641652) /locus tag="b0001"
AUTHORS Riley,M., Abe,T., Arnaud,M.B., Berlyn,M.K., Blattner,F.R., /gene synonym="ECKO001"

/db_xref="ASAP:ABE-0000006"

Chaudhuri,R.R., Glasner,J.D., Horiuchi,T., Keseler,I.M., Kosuge,T.,
/db_xref="ECOCYC:EG11277"

Mori,H., Perna,N.T., Plunkett,G. III, Rudd,K.E., Serres,M.H.,

Thomas,G.H., Thomson,N.R., Wishart,D. and Wanner,B.L. /db_xref="GeneID:944742"
TITLE Escherichia coli K-12: a cooperatively developed annotation e }zgééifihrL"

snaps#ot——?OOS /locus tag="b0001"
JOURNAL Nucleic Acids Res. 34 (1), 1-9 (2006) /qgene gynonym:"ECKOOOl"
PUBMED 16397293 —
REMARK Publication Status: Online-Only

REFERENCE 2 (bases 1 to 4641652)

/codon start=1
/transl table=11
/product="thr operon leader peptide"

AUTHORS Hayashi,K., Morooka,N., Yamamoto,Y., Fujita,K., Isono,K., Choi,S., /protein id="NP 414542.1"
Ohtsubo,E., Baba,T., Wanner,B.L., Mori,H. and Horiuchi,T. /db Xref;v'UniEgtKB/Swiss—prot;pOADge"
TITLE Highly accurate genome sequences of Escherichia coli K-12 strains /db xref="ASAP:ABE-0000006"
MG1655 and W3110 /db xref="ECOCYC:EG11277"
JOURNAL Mol. Syst. Biol. 2, 2006 (2006) /dbixref="GeneID:944742"
PUBMED 16738553 /translation="MKRISTTITTTITITTGNGAG"

https://www.ncbi.nim.nih.gov/nuccore/NC 000913.3/

Pap TR T ELFE4H% - Genomics
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https://www.ncbi.nlm.nih.gov/nuccore/NC_000913.3/

gene ;3223@;599 gene 228756..228875

/locus tag="b0169" /gene="rrfH"
/gene synonym="ECK0168" / locus tag= "LO205"
/db_xref="ASAP:ABE-0000575" — " N
/db_xref="ECOCYC:EGL0901" /gene_synonym="ECK0205
189874..190599 /db xref="ASAP:ABE-0000686"
/gene="rpsB" -
Jloons tagenb0169" /db_xref="ECOCYC:EG30076"
/gene_synonym="ECK0168" /db xref="GenelID:944898"
/codon_start=1 - -
/transl table=11 228756..228875

I /product="305 ribosomal subunit protein 52" I /gene= "rrfH"

protein 1d="AAC/3Z80. 17 o "

/db_xref="UniProtKB/Swiss-Prot:POATVO" /locus_tag b0205
/db_xref="ASAP:ABE-0000575" /gene synonym="ECK0205"
/db_xrel="ECOCYC:ECLOI0LY /product="5S ribosomal RNA"
/translation="MATVSMRDMLKAGVHFGHQTRYWNPKMKPFTFGARNKVHT INLE
KTVPMFNEATAETNKTASRKGKT LEVGTKRAASEAVKDAATSCDQFFVNHRWLGGMLT /db_xref="ASAP:ABE-0000686"
NWKTVRQS IKRLKDLETQSQDGTFDKLTKKEALMRTRELEKLENSLGGIKDMGGLEDA /db xref="ECOCYC:EG30076"

LFVIDADHEHIAIKEANNLGIPVEAIVDTNSDPDGVDEVIPGNDDAIRAVILY LGAVA

ATVREGRSQDIASQAEESFVEAR" /d_b_xref="Ge:neID :9443898"

gene 190857..131708 gene 228928..225004
/gene="tsE" | e o .
/locus_tag="b0170" /gene="aspU
/gene_synonym="ECK0169" /locus tag="b0206"
/db xref="ASAP:ABE-0000579" _n "
/db_xref-"ECOCYC:EGL1033" /gene_synonym="ECK0206

CDS 190857..191708 /db_xref="ASAP:ABE-0000688"
/gene=tst” /db xref="ECOCYC:EG30024"
/locus_tag="b0170" — EE—
/gene_synonym="ECK0169" /dbixref="Gene ID:944880"

/codon_start=1 228928..229004

Lransl _table=11 " "
I/produc;t=“protein chain elongation factor EF—TS"I /gene: aspU

/proteln_1d="AAC?3 81.1" / locus tag: "b02 0 6 "
/db xref="UniProtKB/Swiss—Prot:POAGPL" R
/db_xref="ASAP:ABE-000057¢&"
/db_xref="ECOCYC:EG11033" /product:"t RNA-Asp "
/translation="MAEITASLVKELRERTGAGMMDCKKALTEANGDIELATENMRKS o _ "
GATKAAKKAGNVAADGVIKTKIDGNYGI ILEVNCQTDEFVAKDAGFQAFADKVLDAAVA /DOte_ tRNA ASp (GUC}

/gene synonym="ECK0206"

GKITDVEVLKAQFEEERVALVAKIGENINIRRVAALEGDVLGSYQHGARTGVIVARKG /db xref="ASAP:ABE-0000688"
ADEELVKHIAMHVAASKPEF IKPEDVSAEVVEKEYQVQLDIAMQSGKPKE IAEKMVEG /db_xref:"E COCYC:EG30024™
RMKKFTGEVSLTGQPFVMEPSKTVGQLLKEHNAEVT GF IRFEVGEGIEKVETDFAAEY — _
ARMSKQS" /db xref="GenelD:944880"

https://www.ncbi.nlm.nih.gov/nuccore/NC 000913.3/
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Kozak FEF#R N

*  KozakFHIRFETEZEMMRNAN—ERFS, T mRNA 5inlgF4EMAaHERI—RZ
EFF5l, BHEREGCCRCCATGG, HEMIFARIRTEER(FR.

4-

. ICHATIL T ATG/GTG T s e i £ e ey
= F—PATGHUIREIfikiEKozak#ill, RIFE—1ATGMERSIHRE S FTmENFRITIE, &

BHE—PMATGHRIREA, T, GoBlirAl, 2, 3z, NKozakMNIETHEIAIAT :
(V) BMIANRGTRHE G
(2)ATGHIS im£I15bpsEEIRIMIE TN ASHET

P Py = & The Kozak sequence is a nucleic acid
(i)g g' giﬂ S}EE%_SJ/E\{EU%—.}%@_%JIX CE B FIEL motif that functions as the protein
(4)FR-3, -67-90, E=TN=FF B VRATER translation initiation site in most

. gg]t@ﬁ%? TAA, TAG, TGA eukaryotic mRNA transcripts, which was

— —_ . determined by sequencing of 699
n — R — N
GC%=50% Z§¢ﬁ63¥ﬂ64bptljfm A vertebrate mMRNAs and named after the
= GC%>50% 1% HE8—FE100-200bpHIN—IK scientist who discovered it, Marilyn Kozak.

https://en.wikipedia.org/wiki/Kozak consensus seguence

BEHZ - Genomics
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BEFY IS NERBKESFY (Tandem repeat) FIEERSFS
(Interspersed repeat) FIAZS:

- BEESERY: HIRERY. NEERIIZFE

. BEESRS: NHREET T TE

« DNABEEET

» [REEFRIEEEF (retrotransposon)
>LTR
> LINE
> SINE

ml

G f(g,fq»/{%ﬁx_é’ HE4HZ: - Genomics



BEEFIIRERE

IRBIES AN EED AR
« FHILbXTGE: —MKHRepeatmaskeriXf, RBISEXNESFIHELIAY
A, FXE#HITHE. EFRepbaseEEEFFIEIEE.

« MEETENTGE: FIRESERYISEEEET B BRI S MHERE ML TR
MELESEIFXSFFUH I TIRE.  MSLFUS AR R E T RETs iR IEAE FE
ToHBESHERFHERHI TN, MEFRTFERRZEFEGERE, eIl
RABEEEEF T, F=URIMNLFUNTTABRecon, RepeatModelersE,

11>

xtf‘ 1’@44”? ’f‘”b*-/é’ HEYHE - Genomics



Repbase 2EE#
Repeatmasker) HIZSEZHUIEX

Transposable Element

BEFIEEERepbase

==5]

EMERE

LTR Retrotransposon

SEF5E

\NO

22X,

[

I

EEMERTE (W
oiri A

. REPBASE Subscription News! Home  About Register My Account
Subscribe
Browse Search Repeat Masking Download Submit Repbase Reports Education

Browse Repbase

Select a subset of Repbase by organism and/or repeat class, and download the entire subset as a file or browse

DNA transposon Gypsy manually.
Mariner/Tcl Copia Select a subset of R - S
elect a subset of Repbase: E}—\— A P4 ;q:U
hAT BEL Repeat class: = all E& %5” xi
MuDR DIRS Output format:  EMBL
EnSpm/CACTA Endogenous Retrovirus Include elements: Autonomous Non-autonomous Simple
plggy5ac ERV1 Taxon: Al #@ *q]
p ERV2
Merkin ERV3 Download flat file with all matching repeats in this subsert:
Lentlvirus (52503 loci): Download
Harbinger rowse S subse! oCl name:
. ERV4 B this subset by loci :
Transib Lokiretrovi 456 79ABCDEFGHIJKLMNOPORSTUVWXYZ
oKlretrovirus g
Novosib S rovd A E&)%ﬁu EU %E
pumaretrovirus
Helitron igi
Non-LTR Retrotransposon :::us name ;:f;:m
Polinton SINE (AAAATAACGIN Gallus
Kolobok SINEI/?SL (AC)n Eukaryota
(ACCCATAGAGIn Gallus
ISL2EU SINE2/tRNA (ACCCATAGGG)N Gallus
Crypton SINEB/SS (ACCCATTGGGIN Gallus
{ACCCCATAGGG)N Gallus
CryptonA SINE4

https://www.qirinst.org/repbase/

FanTmRE
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https://www.girinst.org/repbase/

BEFIERE

RepeatMasker Web Server

IRRNESFYIE

Choose File | no file selected Repeat Family Size (bp) Ratio (%)
or Low_complexity 2.011.687 0.51
Sequence: D NA% ﬁu Microsatellite 2.520.388 0.63
Minisatellite 9.815.590 2.47
Satellite 16.830.062 4.23
4
SINE
Sj-alphal 4.293.863 1.08
© rmblast ( hmmer ' cross_match H: XTJ- El-r 14: A " gl
Search Engine: A Sj-alpha2 3.011.537 0.76
abblast LTR Retrotransposon
Gulliver 711.318 0.18
Sneed/Sensitivity: rush ) quick @ default " slow 18 Novel Sj-Retrotransposons 23.803.907 5.98
Non-LTR Retrotransposon
s Sj-pido 1.540.514 0.39
Human B g J-P
DNA source: %%[P SjR1 3.358.700 0.84
SjR2 17.602.429 4.43
Return F ¢ © html  tar file 4 Novel Sj-Retrotransposons 27.743.061 6.97
eturn rormat:
> 3 Penelope-like Retrotransposons 3.938.326 0.99
|
Eﬁa]tlj 1:%:_;&; Transposon 856.671 0.22
Return Method: @ html ©  email Your email address undefined repeat 41.582.296 10.45
Total repeat 159.620.349 40.13
Genome Size™ 397.751.405 100

Reset  Submit Sequence

niversity of Chinese Academy of Sciences

http://repeatmasker.org/cgi-bin/WEBRepeatMasker
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BEZE Y EE S5

- BIERSEETTN, seEREEREIFMIIER D HINEE
B, AEEERHLs \1‘E__1’ETE1 s=ECETEY S
- HRZEFN: SEFTUNERAEPHIERMR. FFRUEREEESR
(ORF) . EMFEEBMAIIZRIEAR, IEFINEFXE. 3
f. AR RN ERRRBFYZE
- HESHWINFEERB=M7T%:

\

= BR{HFR
= [ElRFT
- BT

& 1’@4‘!”? /Vgx_/; HEHZ - Genomics




PR TR

- AT S EEZERNEREE H R ZFUFFFE—1 88D
EOFEEE
o BRASEFIN

" U AFBZYMIEMER, RS 2.
" R IERERIE, FURERBIIE.

- FERRERKEGE:
= GlimmerHMM
= Genscan

= Augustus

G tensrxs EE - Genomics



Btz 4wt E EFa

« Augustus: —MEZEVEREFUNE G, BMNRIRSZSmOAMEN, BT
Hidden-Markov Model (fRE/REIRIHEEIHMM) TG LA, SEMER
B RIS R EI TS 2 EEXIFEFE TN, BI85 Mz

E_ %tl;’\ EE’J%’:Q%% BUSCO Update: Novel and Streamlined Workflows
- \’I XL’ i 7aNo along with Broader and Deeper Phylogenetic Coverage
. for Scoring of Eukaryotic, Prokaryotic, and Viral
httD //au a ustus. ao b ICS. d e/ Genomes. Molecular Biology and Evolution 2021

* GlimmerHMM: B—EREHMFIEFS (RE) BIBFTIR, XE
iRy 8EREF. ERERX. OMNEF (FE—MIEF. FiEa
SHNEF. &RE—THNEF. BE—HWYINEF) | THIRENIFEERSRERR
HE,

http://ccb.jhu.edu/software/glimmerhmm/

—
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http://augustus.gobics.de/
http://ccb.jhu.edu/software/glimmerhmm/

Augustus{EZ&E EFiE

You must either upload a *.tar.gz archive with AUGUSTUS species parameters from your computer
or specify a project identifier: Help

AUGUSTUS species parameters * ]‘ilaj::%fl,@*q]

Upload an archive file (max. 100me); H_Blﬂ Choose File | no file selected
or
specify a project identifier: el

=1

or
select an organism: Select One... B Help

You must either upload a genome file from your computer or specify a web link to a genome file: Help

Genome file * (max. 250000 scaffolds) Help
Choose File | nofile selecu\dggﬂ}%ﬁu

Upload a file max. 100 ms):

or
specify web link to genome file (max. 1 c8):

You may (optionally) also specify one or several of the following files that contain external evidence for protein coding genes: Help

cDNA file Non-commercial users only Help

aJ%: cDNARS

Upload a file gmax. 100 ME): Choose File | no file selected

or
specify web link to cDNA file fmax 1 c8):

Hints file Help

Up|03d afile (max. 200 MB). Choose File | no file selected

The following checkboxes allow you to modify the gene prediction behavior of AUGUSTUS:

UTR prediction Help
= N
) predict UTRs (requires species-specific UTR parameters) = IZTTJFLIJI\U UTR

Report genes on T)ﬁ;mu E/ YR%EE

© both strands ) forward strand only ) reverse strand only

FanTmRE

University of Chinese Academy of Sciences

Alternative transcripts: /TEEZI:?TJFi mu Z‘R =[] j:—l-

©@none (O few (O medium ) many

BERGSHER

© predict any number of (possibly partial) genes
*) only predict complete genes
*) only predict complete genes - at least one
*) predict exactly one gene

Allowed gene structure: Help

) ignore conflicts with other strand
“
HEEFRNESEE

==
# Predicted genes for seque;me %gl:l$@ rands
# start gene gl

HSACKI10 AUGUSTUS gene 182 3060 0.63 + N gl

HSACKI10 AUGUSTUS transeript 182 3060 0.63 + . gl.tl

HSACEI10 RUGUSTUS start_codon 182 184 . + 1] transeript id "gl.tl";
HSACKILO AUGUSTUS initial 182 225 1 + 0 transcript _id "gl.tl"; gene_id
HSACKIL1O AUGUSTUS internal 1691 2300 0.86 + 1 transcript id "gl.tl";
HSACKI10 AUGUSTUS terminal 3049 3060 0.74 + 0 transcript id "gl.tl";
HSACEI10 BUGUSTUS cDs 182 225 1 + 0 transcript id “gl.tl"; gene_id
HEACEILO AUGUSTUS CcDs 1691 2300 0.86 + 1 transecript_id "gl.tl"; gene_id
HSACKI1OD AUGUSTUS chs 3049 3060 0.74 + 0 transcert id "gl.tl"; gene_id
HSACKILO AUGUSTUS stop codon 3058 3060 + transcript id "gl.tl";

# coding sequence = [atgatgaaaccctgtctctaccaaaaagacaaaaaattagccagctcaagcaagcactactcttcctcccgcagtggag
# gaggaggaggaggaggaggatgtggaggaggaggaggagtgteateoctaagaatttctageageaaaggotcocttggtggaggatttagotoaggg
# gqgttcagtggtggctcttttagccgtgggagctctqgtggqggatgctttgggggctcatcaggtggctatggagqattaggaggttttggtggagg
# tagctttcatggaage ‘tgggagttatggaggcagetttggagggggeaatttcggaggtggeagetttggtaggggea
# getttggtggaggege CDSJ_‘_ﬁl_] ‘gaggaggctttggtggtggatttggaggagatggtggocttctetetggaaatgaaaaagta
# accatgcagaatctga ttggacaaagttcgggototggaagaatcaaactatgagotggaaggcaaaatcaaggagty
# gtatgaaaageatggiaa e cwueacuwygayy-y--togtgactacagcaaatactacaaaaccatogatgaccttaaaaatcagagaacaacataa)
# protein sequence = [MMKPCLYQKDKKLASSSKHYSSSREGGGGGGGGCGGGEEGVSSLRISSSKGELGGGFS5GGFSGG5FSRGESGGGCFGG
# SSGGYGCLGGFGGGSFHGSYGSSSFGGSYGGSFGGGNFGEGSFGGGSFGGGGF GEGEFGGCFGEEFGGDGGLLSGNEKVTMONLNDRLAS YLDKVRAL
# EESNYELEGKIKEWYEKHGNSHQGEPRDYSKYYETIDDLENQRTT)

# Evidence for and against this transcript:

# % of transcript supported by hints (any source): 20

# CDS exons: 1/3

# E: 1

# CDS introns: 0/2 “ .

# 5'UTR exons and introns: 0/0 ?)ﬁ;}l-\lUTIE}E

# 3'UTR exons and introns: 0/0

# hint groups fully cbeyed: 0

# incompatible hint groups: 5

# E: 3 (gi|154723761,9i|13907559,91]154736078)
# M: 2

# end gene gl
##
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BT HERPAIEEESE

PASAR—MBEZEMERETERETER, BFRARENERF 757UE’9%'7T%5IF757U§E'
oEREREN, FHRSERGERESIF: 5ZJ¢. . PASARIRBIFHDET
e RARLEXI ST E BB 3R R,

PASARY ERRINEEIA SIS

- iR UTR [Xig
GRIAT [ N R R R R

- SNRFHGRIN. MR, SRR =] 82500

..Gene Structure Annotation and
Analysis Using PASA

Yo X0
o] ARNByIELAN = e ————

- IEINRTZEEIEZ TR <as

‘I H’J | A‘r'j PASA, acronym for Program to Assemble Spliced Alignments (and pronounced 'pass-uh'),
1 ’I#E. M p OyA1lL,\\\ is a eukaryotic genome annotation tool that exploits spliced alignments of expressed

transcript sequences to automatically model gene structures, and to maintain gene

\D EII \ . . . . )

°Vy \bJ}iM §~§ structure annotation consistent with the most recently available experimental sequence

data. PASA also identifies and classifies all splicing variations supported by the transcript

RAlFH2ErE ANV EE LS alignments.

http://pasapipeline.github.io/
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- WFRAEETIE, CHBEBERER
- NFEERIFREZIEH IS
- ZAZHIE (BBRE. EHRKRA. TUWEHFEF ) UEFHE

Cost of sequencing a full human genome Raw Reads Growth in SRA Database
The cost of sequencing the full genetic information of a human, measured in US$. This datais not
adjusted for inflation. 30-
LINEAR 25.
$100 million
. @ 20
$10 million a
N
$1 million o 1%
8
$100,000 lg 10-
$10,000
5-
$1,000
| 0- [ 2 T L -
2001 2005 2010 2015 2021 | | |

) . & @ \IQ
https://ourworldindata.org/grapher/cost-of-sequencing- PP P

a-full-human-genome
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https://www.ncbi.nlm.nih.gov/sra (2019-03)
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B I RAMENEEHETE

RNA-SeqiEEERAE TR RPEE RN AR

—= A =
Statistics of RNA-Seq based Genome Reannotation Projects %XEG"‘E?/ P\J@?IZEE
Locus Version1 | IR ] ]

Locus Version 2

15 -

#hFE5’-UTRFA3’-UTRAYE R
Locus Version1 I e e
Locus Version 2 wesss [ s

EERRERENGH S

Locus Version [N
Locus Version 2 [N NN

é FTERENLA

10 -

Locus Version1

Locus Version 2

Cerqueira GC, et al. Nucleic Acids Research, 2014
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HFRNA-Seq&iRRIBEEIHE F57%

Genevieve et al., G3

» EFRNA-SeqiYiEY) & HEXERAT TR
(Genome Reannotation) . —
URETT BRiERE

= = \ N Cheng et al., PLANT J Sarah et al., BMC genomics
ERTARIE R B 2B E L FHES — —

EMHIRTT 18 BH/I
Rawat et al., PLoS One  Cormier et al., NEW PHYTOL Ruggieri et al., SCI REP-UK

[ AN R R NN
senenig
."1
[ *
«
000 00

&I A FES B =HEiEE

Li et al., BMC genomics Devisetty et al., G3 Darwish et al., BMC genomics Harris et al., BMC genomics RaSt%géstS:( SCl
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=WRZENES
PRI ATN= R HOTMAR, (B5IRAN
=AY

I EE ST TG

L

ERAFFN
| ' ' H |
N w1374
Egizlglaz%:l: D | |
[ ]
N | H |
] | |
Start codon Stop codon
=HTERA A
[ — A T |
229:500 ] 229:000 | 228:500 | 228:000 l 227:500 l 227,1000 I 226:500 l
5'UTR P 3'UTR

A beginner’s guide to eukaryotic genome annotation. Nature Reviews Genetics 2012
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HE N

BEINEEERE: @B CIE A RIEERAIIsERE R RS E R F7FuNIARA]

1 FRmASEERIINEE.
« IH8eR%! (Functional Motif Detection)

- HEEZA{K (Gene Ontology Annotation)
.+ RiHEKE (KEGG Enrichment Analysis)

ozl
LUI'.I

O InterPro

Classification of protein families

clusterProfiler
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B ELIGEERE
SRR FABLASTECRT T3 ARSI R AV ImD E R HTI0RE TR, il
SRMINEEHUERE (NCBI nr. Swiss-Prot %) 78S AEHXT, 3%
BizEERITIEEEE
» Swiss-Prot2 TV EBRFYEEERE, BEUNEMEE=AAT (EBI)
#HF. SUEFERERRFYIFZBEWN, B1FBEaEERFY. 5IAMENME
B. 7RFER. TFEE
» NCBI nr 2IFURVERFYIERERE, EE&IEFRKIFE/IGenBank CDS
translations+PDB+SwissProt+PIR+PRF,

[

o

L

Al
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blastn | blastp | blastx | tblastn | thiastx |

Enter Query Sequence

Enter accession number(s), gi(s), or FASTA sequence(s) & Clear Query subrange &
s From
E 5 Z IJ =
4
Or, upload file Choose File |no file selected @
Job Title

Enter a descriptive title for your BLAST search @

~ Align two or more sequences &

Choose Search Set

s WEHRLURI SRR

Database Non-redundant protein sequences (nr)
Organism _
Optional exclude
Enter organism common name, binomial, or tax id. Only 20 top taxa will be shown. (@
Exclude "I Models (XM/XP) ) Non-redundant RefSeq proteins (WP) | Uncultured/environmental sample sequences
Optional

Program Selection
Algorithm Quick BLASTP (Accelerated protein-protein BLAST)
@ blastp (protein-protein BLAST)

PSI-BLAST (Position-Specific Iterated BLAST)

PHI-BLAST (Pattern Hit Initiated BLAST)

DELTA-BLAST (Domain Enhanced Lookup Time Accelerated BLAST)
Choose a BLAST algorithm &

Search database nr using Blastp (protein-protein BLAST)
" Show results in a new window

T

(©)Algorithm parameters.

Note: Parameter values that differ from the default are highlighted in yellow and marked with ¢ sign
General Parameters

" JIRBLENERIVNE

Max target
sequences
Select the maximum number of aligned sequences to display &

Short queries adjust for short input
Expectthreshold |, | o o ‘ uto | I {E
Word size 5
Max matchesina | o @ tt j, *
query range - X\ Zz

- =%

Scoring Parameters

Matrix sLosume2 [ @

Gap Costs Existence: 11 Extension: 1 @

Compositional

" Conditional compositional score matrix adjusiment [ @)
adjustments

Filters and Masking \ N
Filter ~ Low complexity regions € Id-; ;‘E‘UEE ’%5”

Mask " Mask for lookup table only @
" Mask lower case letters &)

 BLAST Search database nr using Blastp (protein-protein BLAST)

| Show results in a new window

 CELEE 2T

University of Chinese Academy of Sciences

BLASTP programs search protein databases using a protein query. mon

ZEBLASTELXY

Graphic Summary Alignments Taxonomy t X\ é
b b |
q prod { _signiﬁ“m Lii Download v Manage Columns ~ Show
selectall 10sequences selected GenPept Graphics Distance tree of results Multiple alignment
- Max Total Query E Per. ~
Descripion Score Score Cover value Ident Accession
beta-Ala-His precursor [Homo sapiens] 1043 1043 100% 0.0 100.00% NP_116038.4
RecName: Full=Beta-Ala-His AftName: Full=CNDP 1; AltName: Full=Camosine 1; AllName: Full=Glutam: 1042 1042 100% 0.0 99.80% QOKN2.4
unnamed protein product [Homo sapiens] 1038 1038 100% 0.0 99.61% BAFB2605.1
Camosine 1 M20 family) [Homo sapiens|] 21%5U% 1038 1038 100% 0.0 99.80% AAN7123.1
Camosine 1 M20 family) [Homo sapiens] == 1035 1035 100% 0.0 99.61% AAI10296.1
glutamate Jike protein 2 [Homo sapiens] 1028 1028 100% 00 99.21% CAD10388.1
beta-Ala-His dipeptidase isoform X2 [Gorilla gorilla gorilla] 1024 1024 100% 0.0 97.83% XP_018869426.1
beta-Ala-His isoform X3 [Pan paniscus] 1017 1017 100% 00 97.64% XP 0038273461
N click to show alignments Show Conserved Domains Alignment Scores <40 [40-50 [J50-80 [@8c-200 [E>=200 @
(2] Putative conserved domains have been detected, click on the image below for detailed results.
i ™ 10 a3 390 s 50 507
| " A L " " C M - i
Query seq.
atal binding site 4 A F— &
ockive site & A Y Y Y Y 3 y
diver interface AL TWERETET I Y Y A ry
Specific hits
Superfanilies Zinc_peptidase_like superfamily
ZE g I i >
Distribution of the top 10 Blast Hits on 10 subject sequences EE =A A
Query
I | I I | I
1 100 200 300
Score Expect Method Identities Positives Gaps

1024 bits(2647) 0.0

Query 1
Sbjet 1
Query 61
Sbjet 61
Query 121
Sbjet 121
Query 181
Sbjet 181
Query 241
Sbjet 241
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MDPRLGRMAASLLAVLLLLLERGMFSSPSPPPALLERVFQYIDLHODEFVQTLKEWVAIE
MDPKLGRMAASLLAVLLLLLE GMFSSPSPPPALLEEKVFQYIDLHODEFVQTLKEWVAIE
MDPKLGRMAASLLAVLLLLLECGMFSSPSPPPALLERVFQYIDLHODEFVQTLKEWVATL

SDSVQPVPRFRQELFRMMAVAADTLQRLGARVASVDMGPQOLPDGOSLPIPPVILAEL
SDSVQPVPRFRQELFRMMA+AAD LQRLGARVA VDMGPQOLPDGQ+LPIPPVILAELGS
SDSVQPVPRFRQELFRMMAMAADMLQRLGARVALVDMGPQQLPDGOTLPIPPVILAELGS

DPTKGTVCFYGHLDVQPADRGDGWLTDPYVLTEVDGKLYGRGATDNKGPVLAWINAVSAF
DPTKGTVCFYGHLDVQPADRGDGWLTDPYVLTEVDGEKLYGRGATDNKGPVLAWINAVSAF
DPTRGTVCFYGHLDVQPADRGDGWLTDPYVLTEVDGEKLYGRGATDNKGPVLAWINAVSAF

RALEQDLPVNIKFIIEGMEEAGSVALEELVEKEKDRFFSGVDYIVISDNLWISQRKPAIT
RAL+QDLPVNIKFIIEGMEEAGSVALEELVEKEKDRFFSGVDYIVISDNLWISQRKPAIT
RALKQDLPVNIKFIIEGMEEAGSVALEELVEKEKDRFFSGVDYIVISDNLWISQRKPAIT

¥CTRGNSYFMVEVEKCRDQDFHSGTFCCILHEPMADLVALLGSLVDSSGHILVPGIYDEVV
¥CTRGNSYFMVEVEKCRDQDFHSGTFCCILHEPMADLVALLGSLVDSSGHILVPGIYDEVV
¥GTRGNSYFMVEVECRDODFHSGTFGGILHEPMADLVALLGSLVDSSGHILVPGIYDEVV

Compositional matrix adjust. 496/507(98%) 501/507(98%) 0/507(0%)

BB

120
180
180
240
240
300
300
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2E AR 7 1ZzEBRAVIHEE

nterPro: £ Y EBBREIE. SEFIEEAIRAYIETRE
RYFHERRS I EERRE, K lnterproscaniMﬁF_JL,Ud,Tﬁ*i J&R F‘ A
iéii%ﬁl] EXIEEHMME , #E,?Elnterpr0=§ JR4FHLE RS T
EE?EIAJ RHERZMGEIIEEE. 558, BIRFIE. BEHREE
s N (http.//www.ebl.ac.uk/interpro/)

« CDD (Conserved Domain Database, ER[R<FEEIFETE
%) u&ﬁ<7k${%_f SR IERFIEHERERIER, BT
TEJ%?‘?:__W: AEFY PRI EMRTELEER, Wmmoth.

lnal

HIRTEEE—RE

L —

=>H

k

Al

4

MIZEE ﬁE’JIjJﬁbo (https://ww.ncbi.nlm.nih.gov/cdd/)
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http://www.ebi.ac.uk/interpro/
https://www.ncbi.nlm.nih.gov/cdd/

EZ&othERESMNE, (InterPro)

‘, InterPro

Classification of protein families

Browse Results Release notes Download Help About

Search InterPro

by sequence by text by domain architecture

Sequence, in FASTA format

This form allows you to scan your sequence for matches against the InterPro protein signature databases, using InterProScan tool. Enter or paste a protein sequence in FASTA format
(complete or not - e.g. PMPIGSKERPTFFEIFKTRCNKADLGPISLN), with a maximum length of 40,000 amino acids.

Please note that you can only scan one sequence at a time. Alternatively, read more about InterProScan for other ways of running sequences through InterProScan

PMPIGSKERPTFFEIFKTRCNKADLGPISLN
T T T T T T T T
500 1,000 1,500 2,000 2,500 3,000
1 RESE
1000 2000 3000
I IR I

EE%B% i, (IS LT TR T i I I 1 T I i | EInemm |

5
HR11289

g:éﬂ;@iﬁﬁ + Domain

https://www.ebi.ac.uk/interpro/

 (ORLE R g
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https://www.ebi.ac.uk/interpro/

E&othER%EE; (CDD)

Search for Conserved Domains within a protein or coding nucleotide sequence

Enter protein or nucleotide query as accession, gi, or sequence in FASTA format. For multiple
protein queries, use Batch CD-Search. —— 0OPTIONS

Search against database (2: DD v3.17 - 52910 PSSMs

A)\ZE E I_J Expect Value [ threshold: 0.010000

HU E ﬁ ;5 Apply low-complexity filter B

Composition based statistics adjustment
Force live search -

Rescue borderline hits Suppress weak overlapping hits [
Maximum number of hits & 500

Result mode @Concise ~Standard “Full

Submit | Reset

https://www.ncbi.nlm.nih.gov/cdd/

Graphical summary [BEFIYT R st A ] show extra options »

1 500 1000 1500 2000 2500 3000 3418

Query seq. 250NA binding site jj i i
binding surface 11 0
062063 inberface Sh A A
-+ > 220NA binding site )0
*’Lg 1] generic binding surface 114 G4
b= | —7 generic bindira surface I 4000
binding surface 11 2044

Specific hits

Superfanilies

P . . Ed El
Search for similar domain architectures I Refine search |

List of domain hits .

Name Accession Description Interval E-value

[+ BRCA-2_helical pfam09169 BRCAZ, helical, Members of this family adopt a helical structure, consisting of a four-helix ... 2481-2667 9.29e-125
[+ BRCA2DED_QB2 cd04494 BRCAZDBD_OB2: A subfamily of OB folds corresponding to the second OB fold (OB2) of the ... 2804-3054 4.26e-107
[+] BRCA-2_0OB3 pfam09104 BRCAZ2, oligonucleotide/oligosaccharide-binding, domain 3; Members of this family assume an OB ... 3054-3186 2.11e-68
[+ BRCA-2_OB1 pfam08103 BRCAZ, oligonucleotide/oligosaccharide-binding, domain 1; Members of this family assume an OB ... 2670-2793 1.09e-61
[+] BRCAZ pfam00634 BRCAZ repeat; The alignment covers only the most conserved region of the repeat. 1213-1244 8.29e-09
[+] BRCA2 pfam00634 BRCAZ repeat; The alignment covers only the most conserved region of the repeat. 1518-1549  3.08e-08
[+] BRCAZ pfam0D0634 BRCAZ repeat; The alignment covers only the most conserved region of the repeat. 1003-1034 8.76e-08
[+] BRCAZ pfam00634 BRCAZ repeat; The alignment covers only the most conserved region of the repeat. 1973-2003 1.05e-07
[+] BRCAZ2 pfam00634 BRCAZ2 repeat; The alignment covers only the most conserved region of the repeat. 1665-1696 1.90e-07
[+] BRCAZ pfam0D0634 BRCAZ repeat; The alignment covers only the most conserved region of the repeat. 1422-1453 3.77e-06
[+] BRCAZ pfam00634 BRCAZ repeat; The alignment covers only the most conserved region of the repeat. 2052-2082 1.08e-04
[+] BRCA2 pfam00634 BRCAZ repeat; The alignment covers only the most conserved region of the repeat. 1838-1869  4.89e-04
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B (Ontology)

y Ontology R EWEHERAERN—MZl, 2MRENRME ISR
ERA. H=E, ERANRRIGE.

¥ Ont0|09y SR REENXEEAR, REEE—MALERERAK, B

EI’J?E%U_ TIET BRI R ASSRIRNR. A, ARKETHRIRER

TIERY, BT ERGXMETIERIAITRERBIANGITE], Ontology
E!JEZE—WX]“?EI]» 2R, (FErEeEHRBI ASSKIRRGIE,

« ZA{K (Ontology) BEXTFHES (Concept) . A& (Terminology) M
HIBEXZH (Relation, Property) BBt (Conceptualization) ik
, AR HE—UERIERNTRIARARTEAIES.

; 1’(‘344”? /ﬁ‘gx_/; HEHS: - Genomics



BHERE (Gene Ontology)

BEFF (Gene Ontology, @HRGO) B—MWRFEMITIHHERNRE~YE E#HITIERERTE
g2, ERXNIITRERHR FREANEREERRR. XLAREEARTIER, XEEE0
iZHY, REMEFHRFPANED FEVFEEFLRANTEDTIIEM. ERiRE:
GEN&&@;&gQGY ANoWt 'OitGldgy  Anncistions: Downioste Hsly @ @ @ ARBGE

- YHPH A REEREFYEEmEEL suren iviiiacingnl
- TERERNEFYD, (ERRERATE,
- IRMEHGENTIRIGEGE,
- SCHUESCIuEERIEAE L, (EFRGOEITIE |

T, BIIEREEHS T, b s miity - Moty 4 W gt

http://geneontology.org A resource with controlled vocabulary to describe
the function of genes and gene products

THE GENE ONTOLOGY RESOURCE

The mission of the GO Consortium is to develop a comprehensive, computational model of biological systems,
ranging from the molecular to the organism level, across the multiplicity of species in the tree of life.

Founded in 1998 when researchers studying the genome of three model organisms—Drosophila
melanogaster (fruit fly), Mus musculus (mouse), and Saccharomyces cerevisiae (brewer’s or baker’s yeast)

BEHZ - Genomics
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http://geneontology.org/

GORIHRY
« GOHFEREARIELSEterm

+ GOERIFEICR(entry) #BBE—ME—HIRSGO:NNNNNNN, XN —Mterm, EbA
“cell” . "DNA binding” . “signal transduction”
- B MtermEF—"ontology, R3IEH3ontology:
1. 9FIN8E (Molecular Function)
HERFIFHITHS FKERYER. oFIgeNERAED K LRERYED, W "
" B "izk .
2. ‘HpuZE{¥ (Cellular Component)
ARERYERY (MNZRRIR) BIRERIRDFESY) (WIZFER)
3. £¥d e (Biological Process)

R, —INEMEEAAAFETTER.




GOLJgERD =

- — " ERE0Jge=RATHINESZ1NontologyE, HI40: cytochrome (4HiEE
=) HImolecular function2oxidoreductase activity (| EREEHETE) |

Mbiological processoxidative phosphorylation (E{tEEER{L) |

cellular componentEZmitochondrial inner membrane (Zef{ARKNIR)

« TermZ[EfFEMFRRE:: cell s-a
_ s part-of
is_aXRaEE XA
N membrane chloroplast
part_ofR7R"EPD KRR | |
- GO ERBMRIINE (DAG) |, . |
mitochondrial chloroplast
—/|\termE_[L‘)\7|%§/|\parent membrane membrane
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Accession
Name
Ontology
Synonyms
ARternate IDs
Definition

Comment
History

GOURLS

GO:0051718 Data health ¥
DNA (cytosine-5-)-methyltransferase activity, acting on CpG substrates

molecular_function

Hpall methylase, Hpall' methylase, M.BsuRla, M.BsuRIb

None

Catalysis of the reaction: S-adenosyl-L-methicnine + CpG (in DNA) = S-adenosyl-
L-homocysteine + 5-MeCpG (in DNA). Source: EC:2.1.1.37, PMID: 15689527

MNone

See term history for GO:0051718 at QuickGO

G0:0008168 methyltransferase activity

@ GO:0090116 C-5 methylation of cytosine

B GO:0009008 DNA-methyltransferase activity

H GO:0008757 S-adenosylmethionine-dependent methyltransferase activity

< GO:0003886 DNA (cytosine-5-)-methyltransferase activity

H GO:0051718 DNA (cytosine-5-)-methyltransferase activity, acting on CpG substrates
H GO:0051719 DNA (cytosine-5-)-methyltransferase activity, acting on CpN substrates
H GO:0051720 DNA (cytosine-5-)-methyltransferase activity, acting on CpNpG substrates

http://amigo.geneontology.org/amigo/term/G0O:0051718
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http://amigo.geneontology.org/amigo/term/GO:0051718

Principles of GO Annotation

A GO annotation is a statement about the function of a particular gene. GO annotations are
created by associating a gene or gene product with a GO term.

« Annotations represent the normal functions of gene products.

« Each annotation is supported by GO Evidence Codes from the Evidence and
Conclusions Ontology and a reference.

« Gene products are annotated to the most granular term in the ontology that is
supported by the available evidence.

* GO annotations are meant to reflect the most up-to-date view of a gene product’s role
in biology.

« Because biological knowledge changes, annotations for a given gene product may
change to reflect changes in knowledge and/or changes in the ontology.

 There is an open-world assumption, that is, if a gene product is unannotated then its
role is still unknown.

http://geneontology.org/docs/go-annotations/
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AmiGO 2

More information on guick search @

GOl

G0:0051718

Search Templates

=

Use predefined templates to expldre Gene
Ontology data.

Search

Advanced Search Browse the Ontology GOOSE
&, = !a
N S =7

[ %3
ey

=g

Interactively search the Gene Ontology Use the drill-down browser to view the Use GOOSE to query the legacy GO
data for annotations, gene products, and ontology structure with annotation counts. database with SQL.

terms using a powerful search syntax and
oo (-]

http://amigo.geneontology.org/

v

DNA (cytosine-5-)-methyltransferase activity, acting on CpG substrates

Term Information @

v

GORRTIR

@® biological_process @RFcid
F behavior

biological adhesion
biological phase €9
biological regulation
biomineralization §ELP
carbohydrate utilization )
carbon utilization )

cell aggregation €2

cell killing

cell population proliferation EEL)

cellular process
detoxification

developmental process
growth
immune system process L)
localization

locomotion L)

metabolic process

cellular component organization or biogenesis ELLE)

Accession GO:0051718 Data health ¥
Name DNA (cytosine-5-)-methyltransferase activity, acting on CpG substrates G O ﬁém‘
Ontology molecular_function n 705
Synonyms Hpall methylase, Hpall' methylase, M.BsuRla, M.BsuRIb
Alternate IDs None
Definition Catalysis of the reaction: S-adenosyl-L-methionine + CpG (in DNA) = S-adenosyl-L-homocysteine + 5-MeCpG (in DNA). Source: EC:2.1.1.37, PMID:15689527
Comment None
History See term history for GO:0051718 at QuickGO
Subset None
Related 1o all genes and gene products annotated to DNA (cytosine-5-)-methyltransferase activity, acting on CpG substrates.
(1,19 to all direct and indirect to DNA (cyt: 5-)-methyltransferase activity, acting on CpG substrates.
1o all direct and Indirect annotations download (limited to first 10,000) for DNA (cytosine-5-)-methyitransferase activity, acting on CpG substrates.
Annotations Graph Views Inferred Tree View Neighborhood Mappings
Total annotations: 4; showing: 1-4
Results count | 10 v
munnmﬂnn Annotation Evidence
~| Gene/product name ualifier ‘GO class (direct) extension Contributor Organism Evidence with PANTHER family Type Isoform Reference Date
~] Dnmt3b DNA DNA (cytosine- MGI Mus IDA dna cytosine-5- - protein MGI:MGI:5811689 20171129
methyltransferase 5-)- musculus methyltransferase PMID:27856912
3B methyltransferase 3-related
activity, acting on pthr23068
CpG substrates
_] Dnmt3c DNA DNA (cytosine- UniProt Mus IMP dna cytosine-5- - protein MGI:MGI:5913574 20181018
methyltransferase 5-)- musculus methyltransferase PMID:28854222
3c methyltransferase 3-related
activity, acting on pthr23068
CpG substrates
) Dnmt3c DNA DNA (cytosine- MGl Mus IDA dna cytosine-5- - protein MGI:MGI:5811689 20171129
5-)- musculus methyltransferase PMID:27856912

methyltransferase
\ 3c J
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multi-organism process @CZE)
multicellular organismal process

negative regulation of biological process
nitrogen utilization L)

organ €D

phosphorus utilization )

pigmentation §ZZID

positive regulation of biological process
regulation of biological process
reproduction

reproductive process ELIED

response to stimulus

rhythmic process €EE)

signaling

sulfur utilization €Z)

cellular_component §LELLY
- @ molecular_function (LE:




HRE

DNA (cytosine-5-)-methyltransferase activity,

Term Information @

Accession
Name
Ontology
Synonyms
Alternate IDs

GO:0051718
DNA (cytosine-5-)-methyltransferase acti
molecular_function

Hpall methylase, Hpall' methyla:
None

‘ting on CpG substrates

.BsuRla, M.BsuRIb

Definition Catalysis of the reaction: @adenosyl-L-methionine + CpG (in DNA) = S-adenosyl-L-homocysteine + 5-MeCpG (in DNA). Source: EC:2.1
Comment None

History See term history f 0:0051718 at QuickGO

Subset None

Related 1o all ggfles and gene products annotated to DNA (cytosine-5-)-methyltransferase activity, acting on CpG substrates.

rect and indirect

to DNA (eyt 5-)

Annotations | Graph Views | |Inferred‘rree\f|ew | Neighborhood Mappings

(1,19 to all ethyltransferase activity, acting on CpG substrates.
119 to af direct and indirect annotations download (limited to first 10,000) for DNA (cytosine-5-)-methyltransferase activity, acting on CpG substrates.

1.37, PMID:15689527

4

@ GO:0044237 cellular metabolic process
@ GO:0006807 nitrogen compound metabolic process
@ GO:0071704 organic substance metabolic process
@ GO:0006725 cellular aromatic compound metabolic process
@ GO:0034641 cellular nitrogen compound metabolic process
@ GO0:0046483 heterocycle metabolic process
@ GO:1901360 organic cyclic compound metabolic process
@ GO:0044238 primary metabolic process
@ GO:0008150 biological_process
@ G0:0043170 macromolecule metabolic process
@ GO0:0006139 nuclecbase-containing compound metabelic process
@ GO:0044260 cellular macromolecule metabolic process
@ GO:0009987 cellular process
@ GO:0090304 nucleic acid metabolic process
| GO:0003824 catalytic activity
@ GO:0006259 DNA metabolic process
@ GO:0043412 macromolecule modification
@ GO:0006304 DNA modification
@ G0:0032259 methylation
G0:0003674 molecular_function
G0:0016740 transferase activity
@ GO:0006305 DNA alkylation
@ GO:0006306 DNA methylation
@ GO:0044728 DNA methylation or demethylation
@ GO:0043414 macromolecule methylation
B GO:0016741 transferase activity, transferring one-carbon groups
B GO:0140097 catalytic activity, acting on DNA
@ GO:0032776 DNA methylation on cytosine
I GO:0008168 methyltransferase activity
@ G0:0090116 C-5 methylation of cytosine
H GO:0009008 DNA-methyltransferase activity
H GO:0008757 S-adenosylmethionine-dependent methyltransferase activ
G0:0003886 DNA (cytosine-5-)-methyltransferase activity
<7 G0:0051718 DNA (cytosine-5-)-methyltransferase activity, acti

@ G0:0008152 metabolic process

s

process

GO:000! GO:0008152
cellular metabolic
process process

0044237
cellular itrogen
metaboli compound
process metabolic

)

=8

071704

organic
substance
metabol

GO:0016741 G0-0046483 GO-0006725 GO-0034641 G0-0044238 GO0:1901360 G0:0043170 G0:0032259
transferase heterocycle cellular cellular primat organic cyclic macromolecul
activity, metabolic aromatic nitrogen metabolic compoun & metabolic methylation
transferring process compound compound process metabaolic process
L. LS

nitrogen compound metabolic
process

cellular process ¢

cellular nitrogen compound

metabolic process

i primary metabolic process

heterocycle metabolic process
celluiar metabolic process 5\

g Y e

biological_process

metabolic process

biological reguiation
5

nucleobase-containing compound
celluar aromané GRBGRIOSSS

requiation of biclogical process metabolc process

rganic cyclic compound

reguiation of metabolic process. tabolic process

‘organic substance metz|
process

nucleic acid metabolic process
requlation of macromolecule - )
metabolic process cellular macromolecule
: macromolecule metaboligprecess process

catalytic activity

gene expression

/ DNA metabalic process
regulation of gene expression o/
@ transferase activity

macromolecule medification metnylation

DNA modification
Y transferase activity,

regulation of gene expression, transfenring one-carbon groups

macromolecule methylation
epigenetic 9

DNA methylation or demethyation
DNA alkylation methyltransferase activity

DNA methylation

| DNA-methyliransferase activity

‘S-adenosyimethionine-dependent
| methylransierase activity

DNA methylation on cytosine
A DNA (cytosine-5-)-
methylirancferase activity
C-5 methylation of cytosine
DNA (cytosine-5-)-
methyltransferase activity,
acting on CpG substrates
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[DNA-methyltral
nsferase
activity

GO:0090116

(cytosil

n
methyltransfe

G0:005171

DNA
(cytosin
methyltransfe

G0:-0043414

macromolecul
e methylation

Regulates

Positively ragulates
EEEEE————
Negatively regulates
—_—
Occurs in
> ]

Capable of




GOXIEEURERE (GOA)

GOFRFEEFR S HUNIProtAlIREFRIZER (UniProtkB) . RNACentrallYRNAZF#0
HitERRESHRHERENERRNK (GO) T

Annotation Sets

UniProtkB Current Files Archive Files
Human Current Files Archive Files
Overview About Downloads ContactUs . L L
Mouse Current Files Archive Files

Gene Ontology Annotation (GOA) Database o Current il prchive Filos

The GO annotation program aims to provide high-quality Gene Ontology (GO) annotations to proteins in the UniProt

i i Arabidopsis Current Files Archive Files
Knowledgebase (UniProtkB), RNA molecules from RNACentral and protein complexes from the Complex Portal. o~~~ COROESR 0 R e
search and view Gene Ontology terms and annotations, please use our QuickGO browser. Zebrafish Current Files Archive Files
GOA files contain a mixture of manual annotation supplied by members of the Gene Onotology Consortium and Chicken Current Files Archive Files
computationally assigned GO terms describing gene products. Annotation type is clearly indicated by associated T
evidence codes and there are links to the source data. Cow Current Files Archive Files

All GOA files are released approximately every four weeks and can be accessed from our D 5 Dog Current Files firchive Flles

to coordinate our release with releases of UniProtKB. Pig Current Files Archive Files

L ate St G O A news Fly Current Files Archive Files
Worm Current Files Archive Files

Tweets by QuickGO_EBI Yeast Current Files Archive Files
PDB Current Files Archive Files
Proteomes Current Files "See note below

https://www.ebi.ac.uk/GOA

BRI 2R E
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https://www.ebi.ac.uk/GOA

KEGG Pathway{tifh&=R

KEGG (Kyoto Encyclopedia of Genes and Genomes){{EIES{R
HIEER—HF T LFINEFE, FRAKEGCGERRRE, R,
EBEEEAIE. IMRERAIE. AEERE. HRRR. AXEK
RV AR D Fig1R, KEGGHRIFE=ZAHKEE, 818
IEIZHIpathwayE B THNAE—RS.

« reference pathway: tRIEEBERIANTRAFHIRNES—HRESZENXNH

£ A 3L (Minoru Kanehisa)

RSHE. BEREI/MESROE, EKECCHEF mapFFk, A BT A
Etmap00010, + 1948 FEHEFTHAKIG "
- species-specific pathway: #IFMSERENEISE, SE/IMERIZY + 1976 EERBURSIRYIERIB LAY,

~ . o o . 2 R S EE NS ERR
FUSENEERES. S SRR BRSO LR I S T

#RIEE&Ehsa00010, FRER, IS 5CenBankk]

+ Likolec/mFFSLiReference pathway: koiBE-PRIBRRIEREA; R mreKEGe, Ba0E
ecBEPFHTRINEFEBXRNEE, mBEPHTRART™ZRSS AR .
JEANSR. B VKR RIS GER. * 20185, HMEEREHERIIITEAR
E,J% ! }i}_\_ }i}_‘_#ﬂ]&}ir—x réé )\ httos:i%v?;.qenome.io/keqq/ 17EJ|_|\7‘J_'\£AJ$Z_
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KEGG PATHWAY{Xih&E

| GLYCOLYSIS / GLUCONE OGENESLS |
2 Shgﬁnnds\mmse
— metabolism
1. Metabolism ,& *’i E%ﬁq:

1.0 Global and overview maps —*& BEn OWD ety
01100 Metabolic pathways ey D-Glusose
01110 Biosynthesis of secondary metabolites Major update! En | {ortrace e} /
01120 Microbial metabolism in diverse environments “'D'Gl“m? Yo —————BSenaimar Y H 13 l’_\,'fI
01130 Biosynthesis of antibiotics G133 GLan|[5a1s]
01200 Carbon metabolism e S /
01210 2-Oxocarboxylic acid metabolism ‘ QgD oo 68
01212 Fatty acid metabolism o
01230 Biosynthesis of amino acids I mﬁP_m plamannfaniearion] | fabay
01220 Degradation of aromatic compounds (““mu“l“’) e :
) (exlmu‘ﬂm o— 271 |0 f-D-Fructose-1,6P2
1.1 Carbohydrate metabolism e
00010 Glycolysis / Gluconeogenesis el 3P
I Ot—{53.11 g —————————
00020 Citrate cycle (TCA cycle) P— 3 —
00030 Pentose phosphate pathw_ay . Y 12112
00040 Pentose and glucuronate interconversions @E _ Glycerahe 1,3F2
00051 Fructose and mannose metabolism g |1-2-1192‘191D”5‘ e 5““"1
00052 Galactose metabolism 7773 & tigmense- 238

00053 Ascorbate and aldarate metabolism

00500 Starch and sucrose metabolism ) .3 |
00520 Amino sugar and nucleotide sugar metabolism —

00620 Pyruvate metabolism [N —_—— i
00630 Glyoxylate and dicarboxylate metabolism 1—t1§j‘}u'}|’@ TP ey
00640 Propanoate metabolism
00650 Butanoate metabolism

00660 C5-Branched dibasic acid metabolism —— 0
00562 Inositol phosphate metabolism

1.2 Energy metabolism

Citrate
00190 Oxidative phosphorylation eyele
00195 Photosynthesis Awﬁ
00196 Photosynthesis - antenna proteins (23112 117 0 LlLestar
00710 Carbon fixation in photosynthetic organisms mhydmhpmmE |
00720 Carbon fixation pathways in prokaryotes (21152113 «m—» i
00680 Methane metabolism flate, 5 DpsaidE : Cm———
00910 Nitrogen metabolism - [iz213] .y B j'-m-:mannl
00920 Sulfur metabolism o Lzt ot | s 775 a0

https://www.keqqg.jp/kega/pathway.html
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PathwayEHR{GSHIE X

Objects Arrows

gene product, mosly —» molecular interaction or relation
I:] protein but including RNA

hermical 4 link to/from another map
O chemical compound,

DNA and other molecule indirect link or unknown reaction

—>
—==p
D map +h missing interaction (eg., by mutation)
drug structure link or
—_—>
pointer used to add legend

Protein-protein interactions Gene expression relations

| phosphorylation [:I_'O_'[II expression
|  dephosphorylation |:|—|O—>:| repression

ubiquitination | I—C —b-l I expression

deubiquitination I |—C — | | repression

glycosylation

11FEIFTE

methylation
- Enzyme-enzyme relations
| activation y zy
| inhibition m two successive
reaction steps
.[ | indirect effect or
state change

| binding / association

RN}

| dissociation

complex
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DAVID Bioinformatics Resources

DAVID Bioinformatics Resources 6.8

Laboratory of Human Retrovirology and Immunoinformatics (LHRI)

Home  Start Analysis A Shortcut to DAVID Tools Technical Center ¥ Downloads & APIs & Term of Service @ About DAVID &= About LHRI

Overview

The Database for Annotation, Visualization and Integrated Discovery
(DAVID ) v6.8 comprises a full Knowledgebase update to the sixth
version of our original web-accessible programs. DAVID now
provides a comprehensive set of functional annotation tools for
investigators to understand biological meaning behind large list of
genes. For any given gene list, DAVID tools are able to:

Systematic and integrative analysis of large gene lists using DAVID
bioinformatics resources

BT Sherman, RA Lempicki - Nature protocols, 2009 - nature.com

DAVID bioinformatics resources consists of an integrated biological knowledgebase and
analytic tools aimed at systematically extracting biological meaning from large gene/protein
lists. This protocol explains how to use DAVID, a high-throughput and integrated data-
mining environment, to analyze gene lists derived from high-throughput genomic
experiments. The procedure first requires uploading a gene list containing any number of

common gene identifiers followed by analysis using one or more text and pathway-mining ...

% DY Cited by 26197 Related articles All 12 versions

https://david.ncifcrf.gov

Pap TR T ELFE4H% - Genomics
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Hot Links

™ Multiple research positions available in LHRI %

The Laboratory of Human Retrovirology and Immunoinformatics
(LHRI) is a translational research laboratory (Bench-to-Bed side
research) under the Clinical Services Program in Applied and
Development Research Directorate. Researchers in the LHRI

Bioinformatics enrichment tools: paths toward the comprehensive functional
analysis of large gene lists

DW Huang, BT Sherman, RA Lempicki - Nucleic acids research, 2009 - academic.oup.com
Functional analysis of large gene lists, derived in most cases from emerging high-throughput
genomic, proteomic and bioinformatics scanning approaches, is still a challenging and

daunting task. The gene-annotation enrichment analysis is a promising high-throughput

strategy that increases the likelihood for investigators to identify biological processes most
pertinent to their study. Approximately 68 bioinformatics enrichment tools that are currently
available in the community are collected in this survey. Tools are uniquely categorized into ...

Y Y9 Cited by 10862 Related articles All 27 versions
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DAVID Bioinformatics Resources

DAVID Bioinformatics Resources 6.8

Laboratory of Human Retrovirology and Immunoinformatics (LHRI)

Home | Start Analysis | Shortcut to DAVID Tools | Technical Center | Downloads & APIs | Term of Service | Why DAVID? | About Us

Shortcut to DAVID Tools

g Functional Annotation

Gene-an: N Is, functional
annotati IjJ ﬁb‘ %2 EGG pathway
mapping, bl homologue

match, 1D translation, literature match and more

(- Gene Functional Classification

Provide rge lists of
genes In| ups of genes to
help uni captured by
high thr o 8

= Gene ID Conversion

semi-automatically. More

. Gene Name Batch Viewer

Display gene names for a given gene list; Search

PR

Upload List Background
Demolist 1 Demolist 2

A: Paste a list

ER|IDFIE

Z1| Clear

B:Choose From a File

IDFIIZRI {4 e

~ Multi-List File

[ AFFYMETRIX_3PRIME_IVT_ID

Je iR IDZEAY

Submit List

https://david.ncifcrf.gov
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Background
Gene List Manager Annotation Summary Results

145 DAVID IDs
Check Defaults

Current Gene List: demolist1
Current Background: Homo sapiens

-

- Use All Species -
Homo sapiens(149)
Unknown(15)

Select Species

=

Disease (1 selected)
Functional_Categories (3 selected)
Gene_Ontology (3 selected)
General_Annotations (0 selected)
Literature (0 selected)
Main_Accessions (0 selected)
Pathways (3 selected)
Protein_Domains (3 selected)
Protein_Interactions (0 selected)
Tissue_Expression (0 selected)

BHEEHEEBRA

Manager Help

demaolistl

Select List to:

Rename

Remove Combine

Show Gene List

EEA

=

*#*Red annotation categories denote DAVID defined defaults®**

Combined View for Selected Annotation

Functional Annotation Clustering

Functional Annotation Chart

Table I

I EL i LA Nl
K Download File

; | Download File

tryptophan catabolic process, response to zinc ion, guinolinate biosynthetic process, 'de novo' NAD biosynthetic process from
tryptophan, anthranilate metabolic process, response to cadmium ion, guinclinate metabolic process, oxidation-reduction process,
O neuron cellular homeostasis,

139 record(s)

37166_at

GOTERM_BP_DIRECT

3-hydroxyanthranilate 3,

GOTERM_CC_DIRECT
GOTERM_MF_DIRECT
INTERPRO

cytosol, extracellular exosome,

3-hydroxyanthranilate 3,4-di

3-hydroxyanthranilic acid dioxygenase, RmIC-like cupin domain, RmIC-like jelly roll fold, 3-hydroxyanthranilate 3, 4-dioxygenase,
azoan

KEGG_PATHWAY K EG G tophan metabolism, Metabolic pathways,

PIR_SUPERFAMILY 3-hydroxyanthranilate 3,4-dio:

UP_KEYWORDS 3D-structure, Alternative splicing, Complete proteome, Cytoplasm, Dioxygenase, Iron, Metal-binding, Oxidoreductase, Palymarphism,
Proteomics identification, Pyridine nucleotide biosynthesis, Reference proteome,

binding site:Dioxygen, binding site:Substrate, chain:3-hydroxyanthranilate 3,4-dioxygenase, helix, metal ion-binding site:Iron;
catalytic, sequence variant, splice variant, strand, turn,

\ase activity, iron ion binding, protein binding, ferrous iron binding, electron carrier activity,

enase, animal type,

UP_SEQ_FEATURE
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Functional Annotation Clustering
Help and Manual
Current Gene List: demolistl
Current Background: Homo sapiens
145 DAVID IDs
Options Classification Stringency Medium

Ri i ti Create Sublist 32 —
erun using options reate Sublis *%J E éﬁ% E%*EDEE
633

33 Cluster(s) IjJ Kl Download File

Annotation Cluster 1

- GOTERM_CC_DIRECT

extracellular space RT — 32 7.1E-9 1.2E-6
a GOTERM_CC_DIRECT extracellular region RT — 32 4,1E-7 3.5E-5
- UP_KEYWORDS Disulfide bond RT — a7 1.3E-6 3.5E-4
a UP_SEQ_FEATURE signal peptide RT —— 46 1.6E-6 1.0E-3
. UP_KEYWORDS Secreted RT — 33 1.7E-6 2.3E-4
a UP_SEQ_FEATURE disulfide bond RT — 42 1.9E-6 5.9E-4
. UP_KEYWORDS Signal RT —— 49 4.5E-5 4.1E-3
a UP_KEYWORDS Glycoprotein RT ——— 50 2.2E-4 1.5E-2
a UP_SEQ_FEATURE glycosylation site:N-linked (GlcNACc...) RT — 44 2.3E-3 3.7E-1
Functional Annotation Chart
Help and Manual
Current Gene List: demolistl
Current Background: Homo sapiens
145 DAVID 1Ds
Options
Rerun Using Options Create Sublist
220 chart records Ei Download File
M_I“@E@
7.1E-
GOTERM_CC_DIRECT extracellular space RT — 221 g 1.2E-6
— . [e—— 4.1E-
GOTERM_CC_DIRECT extracellular region RT e 32 221 7 3.5E-5
— . —— 1.3E-
UP_KEYWORDS Disulfide bond RT s 47 32.4 5 3.5E-4
— o o —— 1.6E-
UP_SEQ_FEATURE signal peptide BT — 46 31.7 & 1.0E-3
— e— 1.7E-
UP_KEYWORDS Secreted RT s 33 228 6 2.3E-4
— " e —— 1.9E-
UP_SEQ_FEATURE disulfide bond RT 42 259.0 5 5.9E-4
— - —_— 4.5E-
UP_KEYWORDS Signal RT c— 435 33.8 5 4.1E-3
— — 5.6E-
GOTERM_BP_DIRECT defense response to fungus RTm 5 3.4 5 5.6E-2
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Maximum EASE

: : P-Val
Gene list and population Minimum number of genes for Score/P-Value

background being analyzed the corresponding term

Maximum number of

Functional Annotati Chart record per page

Current Gene List: demolist1y
Current Background: Homo sapiens
171 DAVID IDs

=] Oplior\s
CountThreshold(2 ] | EASE Threshold 01 -._# of Records Displayed 1000
[ RemnUsingOptions | [ Create Sublist | e o T e B pownload File
0O SP_PIR_KEYWORDS signal X O 090 Da7 5% D3.06-10
O SP_PIR_KEYWORDS glycoprotein Bl  c— st 4.9€-8
O GOTERM_CC_ALL extraceliylar region Rl 32 18.7% 1167
0 SP_PIR_KEYWORDS aternative splicing | 11 G 49 28.7% 6.4E-6
0 SP_PIR_KEYWORDS chromaoprote:n R - .- R
O SP_PIR_KEYWORDS TODEERAN The overall enrichment
O SP_PIR_KEYWORDS chioschordation score for the group based
0O UP_SEQ_FEATURE el s Clustering options on the EASE scores of_each
O SP_PIR_KEYWORDS metalioprotein and stringency lzrm members.hThe higher, ALL genes involved in
0 coreRm_ ee A emical stimul Gene list being the more enriched. this annotation cluster
analyzed Every term in the
\Functlonal Annotation Clustering annotation cluster
Original database/resource Enriched terms Related f;‘:’;’;'vf;':; e Genes involved in
s
where the terms orient associated with your individual term

gene list Related Term

Search

@ Options Classification Stringency High Y
[ Remnusingoptions | [ Create Sublist |

Annotation Cluster 1 Enrichmert Score: 3.69

A group of terms
having similar
biological meaning
due to sharing similar
gene members

Annotation Cluster 2 Enrichment Score: 3.52
SP_PIR_KEYWORDS antibictic RT - s 2.2E-4
SP_PIR_KEYWORDS antimicrobial RI - s 2.4E-4
GOTERM_BP_ALL RI

Annotation Cluster 3 Enrichment Score: 266

8 5.4E-4

O00mO00mOooooon

UP_SEQ_FEATURE domasn:ig-hke C2-type 1 RI
UP_SEQ_FEATURE domain:ig-hke C2-type 2 RY - 8 5.4E-4
INTERPRO_NAME fual lobuli RT - 6 3.66-2

Annotation Cluster 4 Enrichment Score: 2.63

EASE Score, the modified Fisher Exact P-Value. They are identical
to that in the Chart Report. The smaller, the more enriched.
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KOBAS

KOBASKu&{sERE T THES FIReE

> Home |88 Annotate Gene-list Entichment Exp-data Enrichment Query: ASAH1 |
Gene: hsa:427 ASAH1, AC, ACDase, ASAH, PHP, PHP32, SMAPME
Entrez Gen(427
: . Pathway: |Metabolic pathways KEGG PATHWAY hsa01100
ome [/ Annotate T = Sphingolipid metabolism KEGG PATHWAY hsa00600
GO/KEGGII$¥ GO/KEG G =) %ﬁ*ﬁ— Sphingolipid signaling pathway KEGG PATHWAY hsa04071
phospholipids as signalling intermediaries BioCarta 100183
“Type: Lysosome KEGG PATHWAY hsa04142
: ; sphingosine and sphingosine-1-phosphate metabo BioCyc PWY3DJ-11470
Fasta Protein Sequence | Fasta Nucleotide Sequence Tabular BLAST D\l t ﬁ mpo, ptrez Ge;g#\lpmmﬁ AC Ceramide Si nalin athwa P|D Ceramide athwav
IR IDSEA gnaling pathiay pathwa
Enssnbl Gens |D | NONGODE 1D Immune System Reactome R-HSA-168256
) Metabolism of lipids Reactome R-HSA-556833
i Metabolism Reactome R-HSA-1430728
Animals / Vertebrates / Homo sapiens (human] ji'&]::%q:%*lip Sphingolipid metabolism Reactome R-HSA-428157
Glycosphingolipid metabolism Reactome R-HSA-1660662
Input Gene Symbol or NONGODE 10 (EClyly &) Innate Immune System Reactome R-HSA-168249
Neutrophil degranulation Reactome R-HSA-6798695
GO: extracellular region Gene Ontology G0:0005576
E IDEU;E nitrogen compound metabolic process Gene Ontology G0:0006807
hydrolase activity Gene Ontology G0:0016787
lysosomal lumen Gene Ontology G0:0043202
cellular metabolic process Gene Ontology G0:0044237
4 extracellular exosome Gene Ontology G0:0070062 A

S gREIDFIESH

Click or drag file to this area to upload

Use KO to do orthologous analysis between different species? (This may take a long time.)

http://kobas.cbhi.pku.edu.cn/kobas3
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DIgesssl &Rk

#iTerm Database

Human cytomegalovirus infection

i} t KEGG
uman cyto... PATHW...
ot KEGG
SNWAYS L. PATHW...
Ciron KEGG
Ircadian ... PATHW...
oo KEGG
opaminerg... PATHW...
MAPK si KEGG
SIgN& pATHW...
retronrad KEGG
etrograae... PATHW...

University of Chinese Academy of Sciences

KOBAS%'%Q*E

MNERZ

hsa05163

hsa05200

hsa04713

hsa04728

hsa04010

hsa04723

Input
number

34

46

23

25

33

24

HEHZ - Genomics

=
i==1

ERERE

Background
number

225

530

97

131

295

148

P-Value
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Table 1 Statistics of three different annotation systems for rice genome (Overview)

Data Items

IC4R-2.0 RAP-DB? MSU-7.0°

Protein-coding genes

Number of gene loci 56,221 45,966 55,986
Number of mMRNAs 80,039 52,733 66,338
Percentage of spliced genes 16.36% 11.56% 11.54%
Average spliced isoforms per gene 1.42 1.15 1.18

Note: Data obtained from 2MSU (http://rice.plantbiology.msu.edu) and ® RAP-DB
(https://rapdb.dna.affrc.go.jp/) on April 12, 2018.

IC4R-2.0: Rice Genome Reannotation Using Massive RNA-seq Data. Genomics Proteomics Bioinformatics 2020
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H19: a ~2.3-kb imprinted maternally expressed transcript, is closely associated with
Beckwith-Wiedemann Syndrome and also involved in tumorigenesis.
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