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Divize GenBank

https://www.ncbi.nlm.nih.qgov/genbank/htgs/divisions/
ftp://ftp.ncbi.nim.nih.gov/genbank

GenBank MNucleotide d|

GenBank v Submit - Genomes WG5S v HTGs « EST/G55 « Metagenomes - TPA - TS5A « INSDC -

GenBank Database Divisions HTGs Resource:
GenBank divisions are divided into two general categories and were described in an (Genome Research (1997) 7(10)) article by Ouellette About HTGs

and Boguski; the full-text article is available (Database Divisions and Homology Search Files: A Guide for the Perplexed). The "Organismal” Submiting HTG
category includes databases pertaining to sequences derived from specific arganisms and the "Functional" databases pertain to different R
types of sequence data being collected. Sequence recards exist anly in one GenBank division. For example, the HTG division includes Processing HTGs

unfinished sequences (phases 0, 1, and 2} being generated from several different organisms. As a sequence is updated to phase 3, itis
maoved into the appropriate organismal division. For instance, human phase 3 (finished) HTG sequences are located in the PRI division. The
GenBank divisions listed here represent the location of the annotated sequence records; for homology search purposes the records are
reformatted and stored in the BLAST databases. The different database divisions currently awvailaile, as well as the related BLAST
database, are listed below. An example of a submission (one accession number) that has progressed through phase 1, phase 2, and phase
3 i5 available (Examples).

HIGs FAQ

Organismal Divisions:

Database Division BLAST Example e DiVize pOd Ie organizmﬁ

BCT Bacterial sequences nr, manth

PRI Primate sequences nr, month Human Phase 3
ROD Rodent sequences nr, manth

T AN Other mammalian sequences nr, manth

WRT Cther vertebrate sequences nr, month

INY Invertebrate sequences nr, month Drosophila, C. elegans Phase 3
PLM Plant and Fungal sequences nr, month Arabidopsis Phase 3
WHL Yiral sequences nr, month

PHG Phage sequences nr, month

RMA, Structural RMA sequences nr, month

SN Synthetic and chimeric sequences nr, manth

UMA Unannotated sequences nr, manth

Functional Divisions:

Database Division BLAST Example (_ F u n kén i d ivize

EST Expressed Sequence Tags dhest, month
5TS Sequence Tagged Sites dbsts, month
G535 Genome Survey SEQUENCES dbgss, month

HTG High Throughput Genomic sequences htgs, month - All Organisms: Phase 0, 1, and 2


https://www.ncbi.nlm.nih.gov/genbank/htgs/divisions/
ftp://ftp.ncbi.nlm.nih.gov/genbank

Postup zpracovani sekvencnich dat

Primarni analyza dat ze sekvenatoru

— Zachyceni obrazu

— Zpracovani obrazu

— Base calling

— Provedeni kontroly kvality

Sekundarni analyza dat
— Alingment (RefSeq data)

 Mismatches, validace,
vizualizace

— Assembly -> kontigy/scaffoldy
Terciarni analyza - automaticka
anotace

— Anotace, Geny, Variace,
Diferencialni exprese, Metylace, atd.

Sequence Read Archive:
Nezpracovana sekvenacni
data pro zvysSeni
reprodukovatelnosti a
usnadnéni novych objevu.

Whole Genome Shotgun:
sestavy neuplnych nebo
kompletnich genomu a

chromozomu prokaryot a
eukaryot ziskané NGS.

Rada specializovanych
databazi: GenBank,
Genomy, SNP, GEO



Komplexni pristup vs. manualni zpracovani

Komplexni pristupy vyzaduji strukturovana, indexovana a anotovana data

Integrated Legacy

Applications Project File Applications

<+ _Reads, » XML - » Viewer
Alignments, 3

Annotations %

- Project
// AP TR T - [

=] -

« Zpracovani velkého mnozstvi dat
* Integrace vice typu dat
» Porovnavani vzorkl mezi sebou



Formaty sekvenacnich dat z NGS
- FASTQ

— lllumina
— Standardni format akceptovany databazemi

. SFF, BAM, qual

— starsi formaty pouzivaneé 454 a lon Torrent
— Obsahuji alignment jednotlivych cCteni
— VétSinou lze konvertovat do FASTQ

 fastd, HDF5 - Hierarchicke formaty dat

— formaty pro dlouha cteni
— PacBio, Nanopore



Hlubsi integrace dat do
komplexnich databazi (BioHDF)

Sequence
/  Reads Integrate data across platforms
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FASTQ format

« Univerzalni format akceptovany databazemi
« Kazdy zaznam obsahuje 4 radky
— fadek 1 zaCina hlavickou '@'ID sekvence
— Radek 2 obsahuje primarni sekvenci
— Radek 3 zagina '+' a miiZze nasledovat stejné ID a popis

— Radek 4 obsahuje zakédované hodnoty o kvalité sekvence a
musi obsahovat stejny pocCet znaku jako radek 2

Label
Sequence

@FORJUSPO2AIWD1

CCGTCAATTCATTTAAGTTTTAACCTTGCGGCCGTACTCCCCAGGCGGT
+

AAAAAAAAAAAA:|:D9@: : : : ??@@: : FFAAAAACCAA: : : : BB@@?A?

O scores (as ASCII chars)

Base=T, Q0=":"=235




Starsi Sequence-alignment-mapping formaty
(SAM/BAM) struktura dat

454, lonTorrent a starSi PacBio
- Tabulkovy textovy format
- Odvozeny z formatu pro sekvenéni pfilozeni
- Alignment je soucasti formatu
. ma volnou definici
. http://genome.sph.umich.edu/wiki/fSAM#What _is SAM
BAM je zkomprimovana binarni verze nekomprimovaného formatu SAM (sequence, alignment, mapping)
— SAM Tools
Nese informace
— Kvalita bazi (QUAL+33)
— Mapovani k referenéni sekvenci

Example Header Lines

@HD VN:1.8 SO:coordinate

@sQ SNl LN: 249250621 AS:NCBI37 UR:file:/data/local/ref/GATK/human_glk v37.fasta M5:1b22b%8cdeb4a9384cb5d48826a85128
@sQ SN:2 LN: 243199373 AS:iNCBIZY UR:file:/data/local/ref/GATK/human_glk w37.fasta M5:5@d9851daf@400dec1838a0255ac712e
@50 SN:32 LN:198822438 AS:NCBI3T7 UR:file:/data/local/ref/GATK/human_glk_w37.fasta M5: fdfd811849cc2fadebcd29bba25382e5
BRG ID:UMeess:1 PL:TLLUMINA PU:HHUST-EAS17@7-615LHAAXX-1LB21 LB:Be DT:2812-25-25T28:00: 22-0408 SM:5D37743 CN:MCORE
BRG ID:UMe@sg:2 PL:ILLUMINA PU:HWUSI-EAS17@7-615LHAAXX-LGB2 LEBE:B@  DT:2818-@5-85T20:00:00-o040@ SM:5D37743 CH: UMCORE
@PG ID:bwa VN:9.5.4

BPG ID:GATK TableRecalibration VN:1.8.3471 CL:Covariates=[ ReadGroupCovariate, QualityScoreCovariate, CycleCovariate,

DinucCovariate, TileCovariate], default read group=null, default platform=null, force_read_group=null, force_platform=null,
solid_recal mode=SET_Q_ZERC, window size ngs=5%, homopolymer_nback=7, exception_if_no_tile=false, ignore_mocall colorspace=false, pQ=5, max(=48,
smoothing=1

In the alignment examplas below, you will see that the 2nd alignment maps back to the RG line with 1D UMO0093.1, and all of the alignments point back to the SQ line with SN:1 because
their RNAME is 1.

Example Alignments
This is what the alignment section of a SAM file looks like:

1:497:R:-272+13M17D24M 113 1 497 37 371 15 188338662 a COEaTCTOACCTEAGRAGAACTATGCTCCGCCTTCAG @y==-
EEEIRS S ERSH LSS PSS LSS S S-S50 XT:A:U NM:i:@ SM:i:37 AM:i:e Xe:i:1 X1:i:¢ XM:i:@ X0:i:e@ xG:i:@ MD:Z:37
19:20389:F:275+18M2D19M 99 1 17644 L] 371 = 17919 314 TATGACTOCTAATAATACCTACACATOTTAGAACCAT

b33 3553555555533 5 555 2452 EH ST RS S SR RG:Z:UMB@A%E:1 XT:A:R MNM:i:@ SM:i:@ AM:i:8 X@8:i:4 X1:i:@ XM:i:@ X0:1:@0 XG:i:8 MD:Z:37
15:20389:F:275+18M2D19M 147 1 17919 @ 18M2D13M = 17544 -314 GTAGTACCAACTETAAGTCCTTATCTTCATACTTTGT

44990 400 LB BB r L LT L334 XT:A:R MNM:i:2 SM:i:0 AM:i:0 X8:i:4 X1:i:0 XM:i:6 XO:i:1 XG:i:2 MD:Z:13°CAl1S
5:21557+18M2I25M:R: -2@3 83 1 21678 @ 8M2I27M = 21469 -244 CACCACATCACATATACCAAGCCTGECTETETCTTCT <3 9<<5x<<<<>

LS SR LRSS L PR SSS1" E RS T XT:A:R NM:i:2 sM:i:@ aMm:i:e x@:i:5 X1:i:@ JM:i:@ XO:i:1 XG:i:2 MD:Z:35


http://genome.sph.umich.edu/wiki/SAM#What_is_SAM

Struktura sekce lllumina Header

@HWUSTI-
EAS0611:34:60009YAAXX:5:1:5009:1159
1:N:0:

« Starts with @
e Instrument ID

required by fastq spec)
HWUSI-EAS611)

(
(
*  Run number (34)
* Flowcell ID (6669YAAXX)
« Lane (5)
« Tile (1)
«  X-position (5069)
* Y-position (1159)
* [space]
« Read number (1)
«  Was filtered (Y/N) (N) - You wouldn't normally see the Ys

« Control number (0 = no control)
« Sample number (only if demultiplexed using Illumina's software)



HDF5 a Fast5 formaty

« PacBio a Nanopore

« HDF (hierarchical data format) T

— zkomprimovana slozka s s | —
hierarchickou strukturou Sums | fre g

4, num_re...| 47040
Cexoncross_all -

° S k @ aenome ref_ic beg_pos end_pos | num_read
uplny 22 5705 14703 454656 o

& alignment

0
122 561 5649 246223
4 2 o 556117 [55004G  [244852
* Datove Sady H uster ER) 554323 (556061 [53856
& readmask 4 [ 14712 16570 |47040
. e 5 |4 134290167]134291100/41455
. Atnbuty EE refmap ] 79982071 (79983331 [32404
£) genome_all 7|16 48528223 (48538748 [27540
€ junk g |2 97819217 (97816732 |20338
4 /4 a |2 9781A721 |97R100R2 [18155
* Fastb - komplexni format | ==
I —_ w1 49310335 (49310542 |14429
- s 52341988 (52342229 [14024
, £ mirbase_tr_al 1310 10486225 10486552 [12565
) 14 |10 10485762 |10487151 [12228
i Odvozeny Z HDF5 Q wranscript 15 23 125433390(125433757/11051
£ transcript_all 16 |1 67905671 67905992 [10865
174 134288734/134289496/ 10687
4 - 4 4 : = @ szaquences & [0 559952 (560170 [9975
— Mma derinovanou Konkretni nierarcnil B oo T (TR TN
20 |17 43633627 43633808 (9797
b o B secuence 20 s 45258094 |45258249 (9147
SO u O ru cluster (1136145282) o

nnnnnnnnnnnnnnnnnnnnn

* Obsahuje data pro base calling
— vysSi informacni obsah, base calling
muZze byt provedeno opakované

— pro slozeni sekvence muze byt
preveden do FASTQ



Jak ¢teme sekvence z NGS?

multlplexmg vazba primeru

Barcode Insert

crime; IR
Single End Run
(one fastq file)

Paired End Run -
(two fastq files)

Demultiplexing

Base Call Quality

Adapter Content (trimming)
Mapping Quality

s wh =

Insert

Insert

I

s
D R

QC Metrics



Kontrola kvality

Statistiky Cteni

— pocet Cteni a median jejich délky
— obsah G+C

— skore kvality bazi a jeho distribuce

Kontaminace

— adaptory, primery

— hostitelska DNA u nebunéénych genomu

— krizové kontaminace

Hloubka pokryti

— Volba vyzadovane hloubky zavisi na aplikaci

— pro celogenom je potreba minimalné 30-50x pokryti u kratkych
cteni a minimalne 100-300x u dlouhych cCteni

FastQC — priklad nastroje pro hodnoceni kvality u lllumina

https://www.bioinformatics.babraham.ac.uk/projects/fastqc/



https://www.bioinformatics.babraham.ac.uk/projects/fastqc/

Zakladni statistiky

Hodnoti se predevsim:

* |llumina « podet éteni

Filename CCM9024 R1.fastg e délka c¢teni

File type Conventional base calls ° d|Str|buce délek éteni
Encoding Sanger / Illumina 1.9

Total Seguences 2761796

Sequences flagged a=s poor guality O
Seqguence length 150

EGC Ha

 Nanopore

General summary:

Mean read length: 386.9
Mean read quality: 11.8
Median read length: 99.8
Median read quality: 11.5
Number of reads: 11,266.8
Read length N5@: 5,927.8
Total bases: 4,356,461.8



Hodnoceni kvality stanoveni baze

Q score nebo Phred skore

« CeloCiselna hodnota predstavujici odhadovanou
pravdepodobnost chyby

« Kbédovani muze byt specifické dle platformy

B 2609 SH279 - Chromas - O ®
File Edit Options Help
=2 ¥ & S =
Open Export Print Mext Find Reverse Sarmgple: 2609_SHZ7
120 130 200 280 270 280 290

25
------------------------------------------------------------------------------------------------------------------------
----------------------

mmm!smmjmﬁu. il Nm uuun.wmu_ il

_._-—

A i)




PHRED skore kvality

« Skore kvality jsou reprezentovana jako znaky ASCI|
* Phred+33

— Vv soucasnosti nejpouzivanejsi

— lllumina 1.8+, Sanger, PacBio

| = nejnizsi kvalita ~ = nejvyssi kvalita
I"#$%8&'()*+,-./0123456789:;<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]* abcdefghijklmnopgrstuvwxyz{|}~

e Phred+64

— |ze se s nim setkat u starsich dat pred r. 2018
— lllumina 1.3+, lllumina 1.5+, Solexa
— Pfed pouzitim dat muze byt nutny pfevod na Phred+33



Vypocet Phred Scores

« Stanoveni pravdepodobnosti, ze uvedena
baze je nespravna: hodnota (p)

* Transformace na skore Phred z plovouci
desetinne carky, tedy kladne cele Cislo:
Phred =-10 * (int)logy(p)
e p=0.1 Phred = 10

* p=0.01 Phred = 20
* p=0.001  Phred = 30



Statistické hodnoceni kvality sekvence na bazi
z lllumina éteni nastrojem FastQC

Dobra kvalita Spatna kvalita

‘O > Quality scores acress all bases (Sanger / lllumina 1.9 encoding} Quality scores across all bases (Sanger / lllumnina 1.9 encoding)
x B 3s
3 S s
> I
< 34 = —
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1234567 88 1519 30-34 45-49 G0-64 75-79 &0-94 105-109 120-124 135-139 150
Fosition in read {bp)

1 2 3 4 5 & 7 &8 &1014 2024 3034 4044 5058 TF0-79 9088 150-19% 300-301
Position in read ibp)

metriky kontroly kvality, jsou hlaSeny systémem varovani na semaforech, normaini (zelena), abnormaini (oranzova), Spatna (Cervena)

@Basic Statistics @ Basic Statistics
DIStru bce Sko re kva I Ity @Per base sequence guality @ Per base sequence quality
90 % -horni decil @Pertwle sequence quality Per sequence quality scores
@Per sequence quality scores @ Per base sequence content
. @Per base sequence content @ Per base GC content
Median Q o o6 confont
Prameér Per sequence GC content er sequence conten
@Per base N content @ Per base N content
@Sequence Length Distribution Sequence Length Distribution
@Sequence Duplication Levels @ Sequence Duplication Levels
b 1) % -dolni decil Overrepresented sequences Overrepresented sequences

@@pter Content @ Kmer Content



Hodnoceni distribuce G+C pomoci FastQC

Distrubce CG je prvni parametr, kde se zjisti kontaminace dat
Zdroje kontaminace mohou byt rizné

— technickeé sekvence DNA jako primery, adaptory, hostitelska DNA, rRNA

GC distribution over all sequences

GC count per rea d

Thearetical Distribution
160000

140000

120000

100000

20000

Reads count

60000

40000

20000

o

02488 11 15 19 23 27 31 35 3¢ 43 47 51 55 3% 83 67 71 75 79 83 87 91 95 99
Mean GC content (%)

Distribuce obsahu CG pro kazdé ¢teni,
je dobra a pouze s jednim vrcholem.
Data tedy pravdépodobné obsahuji DNA
pouze z jednoho organismu.

Pokud je znam zdroj kontaminace, pak je mozné tyto sekvence odfiltrovat

GC distribution over all sequences

500000 GC count per rear ol

400000

200000

200000

100000

0

Theoretical Distribution

02468 11 15 1% 23 27 31 35 2% 43 47 51 55 59 63 67 F1 F5 T4 BT BF S1 455 49
Mean GC content (%)

Nerovnomérna distrubce CG %
znamena pravdépodobnou kontami-
naci. V tomto pfipadé se jedna RNAseq
s nedostate¢né odstranénou rRNA.



FastQC —kontaminace adaptory

@Overrepresented sequences

GATCGGAAGAGCEETITCAGCAGGAATGCCGAGACCEATCT 122 122 Illumina Paired PCR Primer 2 (100% owver 40bp)
GATCGGAAGAGCGETITCAGCAGGAATGCCGAGATCEGARGE S086 5.086 Illumina Paired End PCR Primer 2 (97% over 3obp)
ARTGERTACGGCGRACCACCGRGATCTACACTCTITCCCTAC 10835 1.085 Illumina S5ingle End BCR Frimer 1 (100% over 40bp)
GATCGGALGAGCGETTCAGCAGERATGCCGAGACCGGARG 508 0.508 Illumina Paired End PCR Primer 2 (97% over 36bp)
ARTTRATACGGCGRCCACCGAGATCTACACTCTITCCCTRAC 242 0.242 Illumina S5ingle End PCR Primer 1 (27% over 40bp)
GRATCGGAAGAGCGGTITCAGCAGGRATGCCGAAGRATCGGAR 235 0.23500000000000001 TIllumina Paired End Adapter 2 (36% over 31bp)
GRATCGGAAGAGCGGTITCAGCAGGRATGCGAGATCGGRAGR 228 0.2279999595995999998 TIllumina Paired End Adapter 2 (36% over 28bp)
GATCGGAAGAGCEETITCAGCAGGRAATGCCGAGACCEEACE 205 0.20500000000000002 Illumina Paired End FCR FPrimer 2 (37% over 3obp)
GATCGGAAGAGCGEITCAGCAGGAATGCCGAGGATCEGAR 183 0.183 Illumina Paired End Adapter 2 (100% over 3Zbp)
GATCGGALGAGCGETTCAGCAGERATGCCGAGETCGGARG 183 0.183 Illumina Paired End Adapter 2 (100% over 32bp)
GATCGGAAGAGCGGTITCAGCAGGRATGCCGAGACCGRACT 164 0.164 Il1lumina Faired End PCE Primer 2 (97% over 40bp)
GATCGGAAGAGCGGTITCAGCAGGRATGCCGAGRACCGGTCT 129 0.129 Il1lumina Faired End PCE Primer 2 (97% over 40bp)
ARTTATACTICTACCACCTATATCTACACICTITCCCTAC 123 0.123 No Hit

GATCGGAAGAGCGETITCAGCAGGAATGCCGAGACCEEACT 122 0.122 Illumina Faired End PCE FPrimer 2 (97% over 3obp)
CEETICAGCAGGAATGCCGAGATCEEAAGAGCGGTICAGC 113 0.112959955995999998 Illumina Paired End PCR FPrimer 2 (36% over 2Z5bp)

PriliS mnoho adaptoroyych sekvenci muze znamenat chybu pfi pfipravé
sekvenacni knihovny. ReSenim je opét odfiltrovat tyto sekvence, pokud je
dostatek ¢teni. Pokud ne, mluze byt nutné zopakovat sekvenovani.



Filtrovani podle kvality: co muzeme
delat s nekvalitnimi daty

Odstraneni nejhorsich Cteni podle skore kvality
Odstranéni kontaminant

Oriznuti (trimming)

— Na zacatku (adaptory, primery)

— Na konci (klesajici kvalita)
« Automatické nebo manualni stanoveni cutoff limitu
 Pri dostatecné hloubce pokryti se uprednostriuje méneé Cteni o

vysSSi kvalite
SloucCeni parovych cteni
— snizeni redunance dat, pokud maji cteni velky prekryv
Obecné se podle typu dat a typu experimentu
provadi odlisne kroky



Oriznuti Cteni sekvence (trimming)

baze 1->5
zbytek adaptoru -

baze 6->150 .

zachovany Usek § I
baze 150->300 ‘ &I
ztrata kvality . 1;5

ofez cca od 200. baze

n
12 3 4 5 & 7 8 91014 2024 30-34 40-44 3059 7079 90-99 150-189 300-301

e cutadapt, trimmomatic B

— command line programy se Sirokymi moznostmi filtrovani a uprav cteni

« filtlong

— command line, pro filtrovani kvality u dlouhych ¢teni



Zaver:. Kontext je klicem pro
hodnoceni kvality

Oc¢ekavani Pozorovani Kriticka analyza Davéryhodnost

QC by méla byt o tom, co oCekavate a co vidite




Vyvojovy

h 4
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assembly [ ] [ }
Quality Control & Adapter Trimming Dataset Subsampling
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Contiguity
Evaluation
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Completeness
Evaluation
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Repetice jsou pricinou
rozdeleni genomu do kontigu

Jestlize ¢teni je kratSi nez repetice> nemoznost sestaveni sekvence

RPT A1 RPT A2

G I | —
e S——

— — —
e

s — —

= ===

—I—
Kontig tvoreny jedineCnou sekvenci,
Cteni z mnoha podobnych repetic  ohranieny repetitivnimi sekvencemi
vedou k vytvoreni kontigu
S pozmenenou strukturou

Kratka Cteni, hlavni pri€ina omezeni kompletniho sestaveni
Stejna sekvence se vyskytuje v genomu vicekrat

Délka Cteni neni schopna preklenout tuto repetici

Pokryti mdze indikovat multiplicitu



Slozeni genomu — assembly
* Principy assembly

— OLC — overlap layout — De Bruijnuv graf
consensus « ztrata Casti informace
« vypocetné naroéné * vhodngjsi pro kratka Cteni

* vhodnéjsi pro dlouha Cteni

=2 (O Q QS
4 c
" %D%




Priklad de Bruijnova grafu u
mikrobialniho genomu (lllumina)

A — kvalitni sestaveni

B — sestaveni vyzadujici optimalizaci, kombinace dlouhych a kratkych
kontigu

C — nekvalitni sestaveni vychazejici z nekvalitnich dat, velké mnozstvi
nezarazenych kratkych kontigu



Hybridni assembly a bridging

« Kombinace kratkych cCteni (lllumina, lonTorrent) a dlouhych
Cteni (PacBio, Nanopore) umoznuje hybridni assembly
— repetice vyreseny namapovanim dlouhych cteni
— chyby vyreseny namapovanim kratkych Cteni

Repeat region in unbridged graph Consensus read sequence

Path finding

Remove ends aligning
to single-copy contigs

) . Multiple sequence
Semi-global long read alignment P a”gnmem O
S ——
—— —
R _ﬁ
Consensus &

——

Bridged graph

¥k (OO



Mohou byt zaloZzeny na kombinaci rGdznych assembler(
* Unicycler: Short reads and hybrid assembly pipeline

Pro assembly obvykle
vyuzivame pripravene pipeline

e Trycycler: long-read assembly pipeline

Subsampled

read sets

m— Assemblies
Full read = '
set _—
C —

h'd
Pre-Trycycler assembly

Clustering and Alignment and
reconciliation COnsensus Palishing
f :'."'3,-. ( "
Final assembly
000 o O
Oo
oo [ -]
% J \ r
ki Y
Trycycler Post-Trycycler refinement



Klasifikace assembleru a
vyuzivane strategie

Assembler Error correction Contig extension Complexity reduction
Flye Graph-based disjointing correction Disjointig construction
Direct Fuzzy Bruijn graph Hash table based on the k-mer block (bin)
WTDBG2 . : :
Partial order alignment Non-redundant k-mer removing
Best overlap graph
Canu Hierarchical CABOG tf-idf weighted MHAP
PBDAG-CON
de Bruijn _
MaSuRCA Super-read construction
CABOG
Hybrid -
de Bruijn . _
WENGAN ) : Synthetic scaffolding graph
Partial order alignment
SPAdes Multisized de Bruijn —
Short-read only de Bruijn
ABySS —

Paired-end-based contig extension




Statistiky assembly

* N50 a L50 statistiky sady délek kontigu
nebo skafoldu, prostrednictvim kterych
muzeme srovnat kvalitu assembly

* NS0 definuje kvalitu assembly z hlediska
spojitosti. Délka sekvence nejkratsino
kontigu ktery prispél k sestaveni 50 %
celkové delky.

* LS50 je definovan jako nejmensi pocet
kontigu, jejichz soucet délek tvofi polovinu
velikosti genomu.




Automaticka anotace

 Algoritmy- viz lekce Hledani genu

« Servery pro automatickou anotaci
— NCBI Prokaryotic Genome Annotation Pipeline (PGAP)

https://www.ncbi.nlm.nih.gov/genome/annotation prok/process/

— NCBI Eukaryotic Genome Annotation Pipeline
https://www.ncbi.nlm.nih.gov/genome/annotation euk/process/

— RAST
http://rast.nmpdr.org/

* Offline command line aplikace

— Prokka, bakterialni genomy
https://github.com/tseemann/prokka

— MARK, eukaryoticke genomy
https://reslp.github.io/blog/My-MAKER-Pipeline/



https://www.ncbi.nlm.nih.gov/genome/annotation_prok/process/
https://www.ncbi.nlm.nih.gov/genome/annotation_euk/process/
http://rast.nmpdr.org/
https://github.com/tseemann/prokka
https://reslp.github.io/blog/My-MAKER-Pipeline/

Genome Genome v m

Limits  Advanced

Frolkaryotic Annotation Home Documentation | Complete Genome Submission ¥ | WGS Genome Submission »

NCBI Prokaryotic Genome Annotation Pipeline

MNCBI Prokaryotic Genome Annotation Pipeline(PGAR) is designed to annotate bacterial and archaeal genomes (chromosomes and plasmids).

Genome annotation is a multi-level process that includes prediction of protein-coding genes, as well as other functional genome units such as structural RNAs, tRMAS, small RNAs, pseudogenes, control
regions, direct and inverted repeats, insertion sequences, transposons and other mobile elements.

MCBI has developed an automatic prokaryotic genome annotation pipeline that combines ab inifio gene prediction algorithms with homology based methods. The first wersion of NCEI Prokaryotic Genome
Pipeline was developed in 2001 and is regularly upgraded to improve structural and functional annotation quality (Haft DH et al 2018, Tatusova T et al 2016). Recent improwvements utilize curated protein
profile hidden Markoy models (HMWMs), including TIGEEAMS and news HMMs for antimicrobial resistance proteins, and curated complex domain architectures for functional annotation of proteins. NCEBl's
annotation pipeline depends on several interal databases and is not currently available for download or use outside of the NCBI environment.

Related documentation:

* Annotation process
» Annotation standards

» Assemblies excluded from RefSeq
* Release notes

GenBank

The MCEBI prokanyotic annotation pipeline is available as a service for GenBanlk submitters. The pipeline is capable of annotating both complete genomes and draft WGS genomes consisting of multiple
contigs. You can request PGAP annotation when you submit your genome to GenBank.

Both WGS and nonWGS genomes, including gapless complete bacterial chromosomes, can be submitted via the Submission Portal. You will be asked to choose whether the genome being submitted is
considered WGS or not. The differences for GenBank purposes are:

non-wWGs:

* Each chromosome isin a single sequence and there are no extra sequences
* Each sequence in the genome must be assigned to a chromosome or plasmid or organelle
* Plasmids and organelles can still be in multiple pieces.

WES!

* (One or more chromosomes are in multiple pieces andfor some sequences are not assembled into chromosomes



Genome

Eukaryotic Annotation Home Documentation * | Annotated Genomes =

The NCBI Eukaryotic Genome Annotation Pipeline

Genome v

Limits  Advanced

Annotation Policy Request Annotation

The NCEBI Eukaryotic Genome Annotation Pipeline provides content for various NCEI resources including Mucleotide, Protein, BLAST, Gene and the Genome Data Viewer genome browser,

This page provides an overview of the annotation process. Please refer to the Eukaryotic Genome Annotation chapter of the NCEl Handboolk for algorithmic details.

The pipeline uses a modular framework for the execution of all annotation tasks from the fetching of raw and curated data from public repositories (sequence and Assembly databases) to the alignment of
sequences and the prediction of genes, to the submission of the accessioned annotation products to public databases. Core components of the pipeline are alignment programs (Splian and ProSplign) and

an Hivit-based gene prediction program (Gnomon) developed at NCEIL

Important features of the pipeline include:

o flexibility and speed

« higherweight given to curated evidence than non-curated evidence

» utilization of RMNA-Seq for gene prediction

* production of models that compensate for assembly issues

» tracking of gene loci from one annotation to the next

* ahility to co-annotate multiple assemblies for the same organism

The products of an annotation run {chromosome, scaffolds and model transcripts and proteins) are labeled with an Annotation Release number. The Annotation Release name is the combination of the
organism name and Annotation Release number (e.g. NCEI Pongo abelii Annotation Release 103) and is used throughout NCEl as a way to uniguely identify annotation products originating from the same
annotation run.

Contents

* Process

o

o o o o o o o o o o

Source of genome assemblies
Iasking

Transcript alignments
EMNA-Seq read alignments
Protein alignments

Iodel prediction
Curated RefSeq genomic sequence alignments

Choosing the best models for a gene

Frotein naming and determination of locus type
Assignment of GenelDs

Annotation of small RMNAS




RAST (Rapid Annotation using
Server

Subsystem Technology)

Upload a Genome

Complete Upload

http://rast.nmpdr.org/

Please consider the following options for the RAST annotation pipeline:

Choose RAST
annotation
scheme
Customize
RASTtk pipeline

Automatically
fix errors?

Fix frameshifts?
Bulld metabolic
model?

Turn an debug?
Set varbose
level

Disable
replication

Firish the upoad |

—RAST Annatation Settings:

RASTEK >

o Yes

Stage name

I call-features-rRNA-SEED
t call-features-tRMA-tmascan

t call-features-repeat-region-SEED

1 call-selenoproteins

i call-features-insertion-sequences
i call-features-strep-suis-repeat

i call-feakures-strep-pneumo-repeat @ Yes

i call-features-crispr W Yes P
1 call-features-CDS-glimmer3 o Yes Minimurn training length 2000 2
i call-features-CDS-prodigal o Yes y
t call-features-CDS-genemark Yes P
I annotate-proteins-kmer-va2 W Yes Minimum kmer hits required 5 ~
Only annotate hypothetical proteins | Yes
i annotate-probeins-kmer-v1 M Yes Kmer dataset to use « Release?0  Releasess) &
Only annotate hypothetical proteinsf Yes
i annotate-proteins-similarity W Yes Only annotate hypathetical proteins o Yes ~
& resohve-overlapping-features M Yes ~
1 find-close-neighbors o Yes P
1 call-features-prophage-phispy Yes

o

0

call-pyrrolysoproteins

Yas

Yes
Yes

Yes

Yes

Choose "Classic RAST" for the current production RAST, or "RASTEk" for the new modular RAST pipeiine currently in

resting,

Submit a Subl;ngntzi:ﬁses il
Seaal= (improved)
Find rRNA
genes
(new version)

¥

Customize the RASTtk pipeline Find tRNA Find repeat
Enabled Parameters Condition genes l regions
o Yes [ P
o Yes I /' =
& i ind
W Yes Minimum identity 95 8 Find pyrrolysyl T S ee
Minimum length 100 and sel.eno— P
o Yes 7 proteins _ repeats
4 Yes /, (if necessary)
Yes 2
@ Yes Sgenome->{scientific_namel; Call ORFs Find CRISPR
Sgenume-:-is:ienriﬁ:_namek (expanded) elements

¥

Annotate genes with

The automatic annotation process may run into probilems, such as gene candidates overlapping RNAs, or genes

e

embedded inside other genes. To sutomatically resolve these problems (even if that requires deleting some gene

candidates), please check this box.
If you wish for the pipeline to fix frameshifts, check this option. Otherwise frameshifts will not be cormected.
If you wish RAST to bulld a metabollc model for this genome, check this option.

IF you wish debug statements to be printed for this job, check this box.
Set this to the verbosity level of choice for error messages.

Even if this job Is identical to & previous job, run it from scratch.

k-mers:
FIGfam or annotation-
based
Annotate Add user-defined
hypothetical features and
proteins using - annotations
related (optional)
genomes
Remove
overlapping I- Export
features Genome
(new version)



http://rast.nmpdr.org/

RAST anotace bakterialho genomu a
klasifikace do subsystému

Subsystem Coverage

Subsystem Category Distribution

=M
=M
=N
=
=N
=
=N
=N
=M
=
=M
=l

® =
B |

HEHEB®
|

Subsystem Feature Counts

Cofactors, Vitamins, Prosthetic Groups, Pigments (152)
Cell wall and Capsule (100)

Virulence, Disease and Defense (71)
Potassium metabolism (&)
Photosynthesis (0)

Miscellaneous (32)

Phages, Prophages, Transposable elements, Plasmids (45)
Membrane Transport (50)

Iron acquisition and metabolism (32)
RMNA Metabolism (122)

Mucleosides and Nucleotides (90)
Protein Metabolism (200)

Cell Division and Cell Cycle (40)

Motility and Chemotaxis (0)

Regulation and Cell signaling (48)
Secondary Metabolism (4)

DMA Metabolism (82)

Fatty Acids, Lipids, and Isoprenoids (93)
Mitrogen Metabolism (23)

Dormancy and Sporulation (11)
Respiration (31)

Stress Response (74)

Metabolism of Aromatic Compounds (5)
Amino Acids and Derivatives (262)
Sulfur Metabalism (15)

Phosphorus Metabolism (27)
Carbohydrates (173)



Vizualizace useku anotovaného
genomu a srovnavaci analyzy

al Region In mation Tabular Region Inforrmation

5. haemotyticus JCSC1435 (i b4 b4 '}JJJ»B-{:* {4 I
I = i],a, o ¥ W

Staphyloc scor @-H— P w—ﬁig R ] z

transpos
Staphylococcus oureus Mu3 Bl f’*ﬁ—)—ﬂw«% %Mﬁ»émﬂcm —HHl—
Staphylococcus oureus 315 w-f:?.b}[;i;—wwb b D iy {6 i Bl 4l 4= Hl
1 . _ it 4 <
Tn-induced deletion
Miec] MWech
Mech

Vizualizace lokusu:
Srovnani anotace genu

Vizualizace celych genomu:
Mira konzervovanosti
Inzerce/ delece




Platformy pro manipulaci sekvenci

= Galaxy

PROJECT

usnadniuji praci uzivatelim,
ktefi nejsou zbéhli v
programovani a administraci
systému
Webovy server Galaxy

— open source

— pfipravené workflows

— od jednoduchych
textovych manipulaci po
analyzu sekvenacnich
dat, genome assembly,
metagenomiku

— nastroje pro vizualizaci
dat

— https://usegalaxy.org

@ pasic statisties

@ per base sequence quality

et

il

@ per sequenee quality scaves

Analysis History




g5 Took  Window Heip
mamE@E @ Xx KR WY % E K Q

E m Start Page X 9 PRILZ [5] AF4RSTRI

Lokalni platformy pro .._ .

15783 faatures
regulatory

manipulaci sekvenci |
+ neplacené (napi. Ugene)nebo = e e e e

licencované (Geneious
« prijemné grafické rozhran

« implementace nastrojl
— anotace DNA, proteint
— prohledavani databazi
— multiple segeunce alignment
— PCR —navrh primert : : -
_ contig assembly _ _ mulripl“e:.:lonin suefémﬁ,ﬂ,r AAGCTTGAAAAAAﬁAQAT'FTCTgTA_CrT.AIAmC
— short reads alignment &
— search ORF
— 3D structure Viewer

Details view

THGAGCOTCOCAMAGOCGCTCOGOTCTTGCCTTOCTCOTCOGOTOATOTACTTCACCAGCTCCGCOAAGTCOGCTCTTCTTOATOD

T3 4 & B 10 12 14 36 L6 20 & 26 78 JF %0 30 34 35 36 40 &) 44 48 4B 50 B 61 G4 SH &0 A1 &4 B4 6B 00 12 4 Te 7B BB
ACTCGCAGCGTTTCCECGAGCCAGAACGGAALGAGCAGCCACTACATGAAGTEGTCEAGGCGCTTCAGCGAGAAGAACTACC

Harme * Thee Vi
T AT4ESTES s Ip@i121.gen]

Annotation editor
_‘N_] [_jg__-:u_| Mo acthee Lasks

Annotations  Dotplot (Self) Text View Lineage Info

&a % extract f RC. B Translate @ Add/Edit Annotation & Allow Editing @& Annotate & Predict [l Save

TTAATTTCCGTTGTTATGGCTGCTCCAGTTTCTAC
T S EVEVEEN A A P Em S T

00 T 120 130

ACGATCTTCCAATATCGGTTCCAGAAGAAGCCTTG
DESDNENSE F BIN S BV P BN A

170

150 160 180
CTTAACCGGGGATGAAGTTTCCTTGTTGCCTGTTA
BN T G D NN V' S5 EEEEE P v

: S KLACT 201 210 220 230
- 800 [@pdb1ruy 1RUY chain 2 sequence PELAC ACTGGTATTCTATTCTTAAACACCACCATCGCTGA
E| & 3D Structure Viewer Active view: [ 1:1RUY 3] @ & Disply Links A 9,091 bp T G F NSNS T T A EE

250 260 770 28
ACAAGGATGATCTCGAGAAAAGAGAGGCTGAAGCT
D K D D NN K R NN A HEE A

52 L Proj

TCCTAGGGGTACCGTCGACGGCGCGCCTGCGGCCE
P R G T A" D G A P A A
350 360

TGAATCGAGAATTTATACTTAGATAAGTATGTACT

400 A10

TATGAGATACTGATGTATACATGCATGATAATATT

42(

@ 1RUY chain 2 sequence . & T: @ & vm

Alt click on a sequence position or annotation, or select a region to zoom in. Alt-shift click to zoom out.



Jak se data dostanou do
databazi?
Bacteria and Bacteriophage

A Compilation from the Genbank® and EMBL Data Libraries

O -t L. _r .. ...

HIX1T4C5: bacteriophage phixlT4 pene a protein cleavage site. [=s=-DHA]
EMBL ID: PHIT4CS ACCESSION NUMBERS: KOOBL3 DATE: pre-entry B4-=06-01
REFERENCES : [1] [bazez 1 to B5) Brown, D.E., Schmidt-Glenewinkel T., Reinberg.D. and Hurwitz. J.: “dna sequences
which support activities of the bacteriophage phix1lT4 gene a protein”; J Biol Chem 258, B402-B412 ([ 1983)
KEYWORDS: closing activity; gene A; nicking activity. origin of replication; replication form.
SOURCE: bacteriophage phixlT4 (strain am3) dna, grown in e.coli hf4704. Bacteriophage phi-X174
COMMENT - the pene a protein of phixl7T4 mediates both initiation and termination of wiral strand dna synthesis. it
nicks and closes within a 30 nucleotide =equence (basesz 13-42) which iz well conserved among icosohedral
gz(c) dna phapges; this 30 bp region iz implicated az the specific target for gene a protein action, and as
the ezsential dna sequence required for replication origin function.
SITES: key zite szpam description
refoumbr 1 1 sequence not numbered in [1]
cutss 20 0 gene a protein cleavage =site
ORIGIN: replication origin of phixlT4.
SEQUENCE : 65 bp 23 a 18 ¢ 12 g 12t

1 aatgtgetece cocaacttga tattaataac actatagacc accgcoccoga AgEEgacgaa aaatg

PHIX1T4DE:
EMEL ID: ®
REFEREMCES :

SOURCE:
SEQUENCE :

bacteriophage phixlT4 d and & genes.
ACCESSI0ON NUMBERS:
[1] (bazes 1 to 521) Barrell B.G., Air G.M.
bacteriophage phixlT4"; Nature 264, 3J4-41 |1978)
phixlT4. Bacteriophage phi-X1T4
2l bp 1252 115 ¢ 124 g

JOZ4B3 DATE: pre—sntry 83-03-=01
and Hutchisen C.A.III.; “overlapping genes in

157 t

1
101
201
301
401
501

gagtcogatg
tcaggottiot
gitgaggett
cogtcaacat
cgegtitace
ctaaaggtaa

ctgttcaace
gocgttitgg
gogtttatgg
tcaaacggoe
ttgogtgtac
aaaacgttot

actaataggt
atttaaccga
tacgotggac
tgtotcatea
goECAREAAA
E

Aagaaatcatl gagtocaaght
Agatgattitc gattttctga
tttgtggeat acoctogott
LEgaaggogs tgaatitacy
cactgacghit cttactgacg

actgaacaat cogtacgttt cocagaccget ttggectcta ttaagetcat
cgagtaacaa agtttggatt getactgace gotctegtge tegtogotge
tcotgotocot gttgagttta tigetgecgt cattgettat tatgttoate
gaaaacatta ttaatggogt cgagcgtccg gttaaagecg ctgaattgtt
cagaagaaaa cgtgoglcaa aaattacpglg cggaaggagt gatgtaatgt




Jak se data dostanou do
databazi?

« Submission - Vlozeni do databaze

* webovy portal
— Banklt (GenBank)

https://submit.ncbi.nlm.nih.gov/about/bankit/
— Submission Portal (GenBank)

https://submit.ncbi.nlm.nih.gov/subs/genome/

— Weblin (EMBL/European Nucleotide Archive)

http://www.ebi.ac.uk/ena/submit

— Sakura (DDBJ)

http://www.ddbj.nig.ac.jp/sub/websub-e.html

« samostatna aplikace pro PC

— Sequin, delSi manualné anotované sekvence, fylogeneticke,
populacni nebo mutacni studie obsahujici sekvencni prilozeni

http://www.ncbi.nlm.nih.gov/Sequin/download/seq download.html

— Tbl2asn, command line program, celé genomy EST, STS a zasilani
velkych davek sekvenci, automatizuje vytvoreni zaznamu sekvence

* Minimalni pozadavky pro vilozeni



https://submit.ncbi.nlm.nih.gov/about/bankit/
https://submit.ncbi.nlm.nih.gov/subs/genome
http://www.ebi.ac.uk/ena/submit
http://www.ddbj.nig.ac.jp/sub/websub-e.html
http://www.ncbi.nlm.nih.gov/Sequin/download/seq_download.html

GenBank format

« Zaznam anotovaneho genomu

« Sklada se ze tri sekci

— Header
Informace o vlastnostech sekvence a jejim zdroji

— Feature Table
Anotacemi formou deskriptort; u gent muzZe obsahovat i jejich

translaci do proteinu

— Sequence
Vlastni nukleotidova sekvence

» Historické omezeni na 60 znaku na radek
— pole v hlaviCce tak maji maximalni délku
— VvV soucasnosti uz neplati striktne



LOCUS AY182241 1931 bp mRNA linear PLN 04-MAY-2004
DEFINITION Malus x domestica (E,E)-alpha-farnesene synthase (AFS1) mRNA,
complete cds.
ACCESSION AY182241
VERSION AY182241.2 GI:32265057
KEYWORDS
SOURCE Malus x domestica (cultivated apple)
ORGANISM Malus x domestica
Eukaryota; Viridiplantae; Streptophyta; Embryophyta; Tracheophyta;
Spermatophyta; Magnoliophyta; eudicotyledons; core eudicots;
rosids; eurosids I; Rosales; Rosaceae; Maloideae; Malus.
REFERENCE 1 (bases 1 to 1931)
AUTHORS Pechous,S.W. and Whitaker,B.D.
TITLE Cloning and functional expression of an (E,E)-alpha-farnesene
synthase cDNA from peel tissue of apple fruit
JOURNAL Planta 219, 84-94 (2004)
REFERENCE 2 (bases 1 to 1931)
AUTHORS Pechous,S.W. and Whitaker,B.D.
TITLE Direct Submission
JOURNAL Submitted (18-NOV-2002) PSI-Produce Quality and Safety Lab,
USDA-ARS, 10300 Baltimore Ave. Bldg. 002, Rm. 205, Beltsville, MD
20705, UsA
REFERENCE 3 (bases 1 to 1931)
AUTHORS Pechous,S.W. and Whitaker,B.D.
TITLE Direct Submission
JOURNAL Submitted (25-JUN-2003) PSI-Produce Quality and Safety Lab,
USDA-ARS, 10300 Baltimore Ave. Bldg. 002, Rm. 205, Beltsville, MD
20705, UsA
REMARK Sequence update by submitter
COMMENT On Jun 26, 2003 this sequence version replaced gi:27804758.
FEATURES Location/Qualifiers
source 1..1931
/organism="Malus x domestica"
/mol_type="mRNA"
/cultivar="'Law Rome'"
/db_xref="taxon:3750"
/tissue_type="peel"
gene 1..1931
/gene="AFS1"
CDs 54..1784
/gene="AFS1"
/note="terpene synthase"
/codon_start=1
/product=" (E,E) -alpha-farnesene synthase"
/protein_id="AR022848.2"
/db_xref="GI:32265058"
/translation="MEFRVHLQADNEQKIFQNQOMKPEPEASYLINQRRSANYKPNIWK
NDFLDQSLISKYDGDEYRKLSEKLIEEVKIYISAETMDLVAKLELIDSVRKLGLANLF
EKEIKEALDSIAATIESDNLGTRDDLYGTALHFKILRQHGYKVSQDIFGRFMDEKGTLE
DFLHKNEDLLYNISLIVRLNNDLGTSAAEQERGDSPSSIVCYMREVNASEETARKNIK
GMIDNAWKKVNGKCFTTNQVPFLSSFMNNATNMARVAHSLYKDGDGFGDQEKGPRTHI
LSLLFQPLVN"
ORIGIN
1 ttcttgtatc ccaaacatct cgagcttctt gtacaccaaa ttaggtattc actatggaat
61 tcagagttca cttgcaagct gataatgagc agaaaatttt tcaaaaccag atgaaacccg
121 aacctgaagc ctcttacttg attaatcaaa gacggtctgc aaattacaag ccaaatattt
181 ggaagaacga tttcctagat caatctctta tcagcaaata cgatggagat gagtatcgga
241 agctgtctga gaagttaata gaagaagtta agatttatat atctgctgaa acaatggatt

//

\

J\

TradiCni zaznam
GenBank

> Header

> Feature Table

Sequence



ldentifikace zaznamu v primarnich

sekvencnich databazich

« Databaze

— GenBank
— EMBL-Bank (European Nucleotide Archive, ENA)

— DDBJ
 ldentifikatory sekvence

GenBank = Sendto: -
@ Complete Record
Escherichia coli citrate lyase beta-subunit (citE) gene, partial cds OceneFeatures
lyase gamma-subunit (citD), citrate lyase ligase (citC), histidine ki ;... pestination
two component response regulator (dpiA) genes, complete cds @i O Clipboard

GenBank: U46667.1 OcCollections O Analysis Too

FASTA  Graphics

Download 1 item.

Go to: Format

, | GenBank v |
LOCUS ECU466E7 5824 bp DA linear BCT 25-JUL-2816
DEFINITION Escherichia coli citrate lyase beta-subunit (citE) gene, partial Show GI

cds; and citrate lyase gamma-subunit (citD), citrate lyase ligase
{(citC), histidine kinase (dpiB), and two component response
regulator (dpiA) genes, complete cds.

ACCESSION 46667

VERSION U46667.1

| Create File |

Protein

METaTEw TITreTITic



Historie verzi

* Sequence Revision History tool

— Struktura zapisu:
http://www.ncbi.nlm.nih.gov/nuccore/U46667 ?report=girevhist

Revision History «

Show difference between | and Il as | GenBank/GenPept

v || Compare |

Sendto: -

Escherichia coli citrate lyase beta-subunit (CitE) gene,_partial cds;_ and citrate lyase gamma-subunit (citD),_citrate lyase ligase (citC),

histidine kinase (dpiB),_and two component response reqgulator (dpi&) genes, complete cds

5,024 bp lingar DNA
Accession: U46667.1 Gl 3172140
Current status: live

Version

Gi
3172140
3172140
3172140
372140
3172140
2734632
2734632

Accession
U46667_1
LU46667.1
46667, 1
46667 .1
466671
U46667.0
U46667.0

Update Date
Jul 25 2016 12:54 PM

Jun 23 2010 09:27 AM

Mov 30, 2009 01:55 PM

Aug 7,_1998 09:28 AM

Jun 2 1993 04:31 PM

Jan 3, 1993 12:12 AM

Jan 1, 1993 12:30 AM

Action



https://submit.ncbi.nim.nih.gov/

m National Library of Medicine

National Center for Biotechnology Information

Submission Portal

Submission Portal

Submit to the world's largest public repository of biological and scientific information

Type a few words about the sequence data you are submitting and select an option to learn more. You can

also browse submission information below.

What do you want to submit?

Enter a few words about your sequence data.

Suggest tool

GenBank

GenBank is the world's largest nucleotide archive containing sequences from all branches of life. The archive

is a foundation for medical and biological discoverv,


https://submit.ncbi.nlm.nih.gov/about/bankit/

http://www.ebi.ac.uk/ena/submit

Submitting and updating data

We offer a number of services through which data {including updates) can be submitted to the European Nucleotide Archive
(EMAY. These technaologies provide options appropriate for the scale and frequency of submission, the expertise and capacity of
the submitter and the nature of the data to be transferred. The choices below lead users most directly to the appropriate
submission route,

read data assembled sequence and/or annotation

(Mo partial or complete assemblies)

genome assemblies
icontigs/scaffolds/chromosames) EMA helpdesk



http://www.ebi.ac.uk/ena/submit

https://ddbj.nig.ac.jp/submission

DDBJ submission portal

Nucleotide

Submission of small-scale nucleotide sequence data with annotation. In case of project data, please use BioProject, MSS5,
and DRA.

Create new submission

BioProject

You must obtain BioProject 1D and/or locus_tag prefix, before the submission of project data, such as WGS, complete
genome, transcriptome project data, DRA, and DTA. The BioProject database collects information about a higher order
organization of research projects and its corresponding data. Using BioProject ID make it possible to obtain the same project
from various nucleotide sequence databases.

Mass Submission System (M53)

Please use mass submission system for the submission of following data. WGS, WGS scaffold(s), complete
bacterial/eukaryotic genome, HTG, CON, G55, EST, TSA, and other data includes huge number of sequences.

DDBJ Sequence Read Archive (DRA)

For repository of output data generated by next-generation sequencing machines including Roche 454 GS System®,
lllumina Genome Analyzer®, Applied Biosystems SOLIDE System, and others.


https://ddbj.nig.ac.jp/submission

Podklady pro GenBank

Povinne polozky

Autori sekvence
Kontakt na autory
Publikace (PubMed)
Pouzita sekvenacni technologie
Pouzita metoda assembly
FASTA nukleotidova sekvence
Nazev organismu, taxonomické zarazeni
Metadata
-izolat, kmen, datum odbéru, zemé puvodu
Anotace sekvenci
- bud' vlastni nebo automaticka




Protokoly pro zaslani do

nukleotidové databaze

Standard
Whole Genome Shotgun (WGS)
Complete Microbial or Eukaryotic Genomes

ESTs (expressed sequence tags) a
GSSs (genome survey sequences)

High-Throughput Genomic Sequences (HTGs)
Transcriptome Shotgun Assembly (TSA)
Third Party Annotation (TPA)

— zaznamy, které upresnuji existujici sekvence ulozenée
do databazi jinymi autory
— striktni pozadavek na primy experimentalni dukaz



Typy standardnich anotovanych sekvenci
(nucleotide sequence database)

prokaryotické geny a Casti genomu
eukaryoticke geny a casti genomu
MRNA sekvence

rRNA a nebo ITS

nekodujici RNA

virové sekvence

transpozony a inzerCni sekvence
mikrosatelity

pseudogeny

klonovaci vektroy

fylogenetické nebo populacni studie (alignmenty)



Sekvence, ktere nejsou akceptovany v
primarnich databazich

sekvence bez fyzickeho (biologického) protejsku
— napr. konsenzni sekvence

genomove sekvence vice exonu bez udaju o
sekvencich intronu

sekvence <200 bp (vyjma patentovych)

sekvence primeru (mohou byt zaslany do NCBI’s
Probe database)

pouze sekvence proteinu (mohou byt zaslany do
UniProt/SwissProt)

sekvence slozene z genomove sekvence a
MRNA reprezentované jako jedna sekvence




Nezpracovana zdrojova data z
genomovych projektu

« BioSample & BioProject mohou obsahovat ruzné
typy archivu
— Trace Archive

» sekvence ziskani Sangerovou technikou sekvenovani
« struktura slozek se *.scf nebo *.abi soubory

— Sequence Read Archive (SRA)

« archiv obsahujici alignment sekvenci ziskanych pri 454,
lonTorrent, lllumina, SOLID, Helicos, PacBio nebo Complete
Genomics

— The database of Genotypes and Phenotypes (dbGaP)
* interakce genotypu a fenotypu Cloveka



https://www.ncbi.nlm.nih.gov/Traces/trace.cgi?cmd=show&f=submit&m=doc&s=submit
https://www.ncbi.nlm.nih.gov/sra/docs/submit/
https://www.ncbi.nlm.nih.gov/gap

Sequence Read Archive (SRA)
Format dat a minimalni pozadavky

Submission portal

https://submit.ncbi.nlm.nih.gov/subs/sra/
Volitelné nahrani primarnich sekvenacnich dat
SRA toolkit

https://trace.ncbi.nlm.nih.gov/Traces/sra/sra.cgi?view=software

Minimalni pozadavek je: primarni sekvence (baze) a kvalita =
FASTQ

Doporuceny format dat je BAM (aligned)

DalSi akceptovatelné formaty dat z riznych platforem jsou

— SRF

— General Fastq
— SOLID Fastq

— lllumina Fastq
— 454 SFF

SSSSSSSS

Trace Archive
on Torrent SFF e b

— PacBio, Nanopore HDF5
— CompleteGenomics Data Package


https://submit.ncbi.nlm.nih.gov/subs/sra/
https://trace.ncbi.nlm.nih.gov/Traces/sra/sra.cgi?view=software

Metadata v SRA

 Datové soubory jsou zasilany s metadaty
— Studie
— Experiment
— Vzorek
— Béh ( -
— Analyza Experiment

— eticky citliva
data (EGA)

Priklad SRA s mikrobialnim genomem
https://trace.ncbi.nlm.nih.gov/Traces/sra/?run=SRR9600155



https://trace.ncbi.nlm.nih.gov/Traces/sra/?run=SRR9600155

Whole Genome Shotgun (WGS)

WGS sekvenacni projekty jsou cele genomy
nebo chromozomy sekvenovane strateqil
celogenomoveho shotgun sekvenovani

Césti WGS projektu jsou kontigy, které nesmi
obsahovat mezery

WGS projekty mohou byt anotovany, muze byt
zvolena automaticka anotace s NCBI pipeline
Volitelne - soubor AGP ukazuje, jak jsou kontigy

oddelenée mezerami usporadany na
chromozomu

Zasilaji se pres Genome submissoin portal


http://www.ncbi.nlm.nih.gov/genbank/wgs.submit#agp

Metagenomy

Sekvenacni projekty analyzy spolecenstev z urcCitych
ekologickych zdroju nezavislé na kultivaci slouzi pro
studium

— genetické diversity, struktury populaci, ekologicke ulohy

— metabolickych funkci

— stanoveni kompletnich genomu nekultivovatelnych organismu
— izolaci novych mikroorganismu (genetickych zdroju) z prostredi

Sekvence jsou vzajemné propojené v ramci BioProject
Byva vyzadovano nahrani do SRA
Metagenomoveé projekty mohou predstavovat

— Neanotované sekvence s prevahou informacnich
sekvenci rRNA

— Celkové metagenomové projekty sestavené do kontigu
« obsahuji ¢asteCné genomy z taxonomicky raznych skupin
« MG-RAST - anotace metagenomu na serveru

Mothur a QIIME2 obsahuiji nastroje pro pfipravu dat



NCBI Gene Expression Omnibus (GEO)

— mezinarodni verejné ulozisté v NCBI
 https://www.ncbi.nlm.nih.gov/geo
— archivuje zpracovane datove soubory a
metadata o
* genove expresi
e epigenomice
— generované technologiemi
« sekvenovani nové generace
* Microarray

— nabizi webové nastroje, pro analyzu a
vizualizaci diferencialni genove exprese



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

Number of studies

NCBI Gene Expression Omnibus (GEO)
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NCBI Gene Expression Omnibus (GEO)
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Struktura databazi (BioSample & BioProject)

BioProject
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Biologické 1 | 1 Rﬁzrllé
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BioSample BioSample BioSample BioSample
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Technické I
lJ; replikaty 1 l l
Sequence Read Sequence Read Sequence Read Sequence Read
Archive (SRA) Archive (SRA) Archive (SRA) Archive (SRA)
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Genome submissoin portal
https://www.ncbi.nlm.nih.gov/genbank/genomesubmit/

&= NCBI Resources ™ How To ¥ pantucek My NCBI SignC
GenBank Nucleotide v | | search
GenBank « | Submit + | Genomes v | WGS « | Metagenomes + | TPA = TSA - | INSDC =  Other «
Prokaryotic and Eukaryotic Genomes Submission Guide Genome Resources
About WGS

Both WGS and non-WGS genomes, including gapless complete bacterial chromosomes, can be submitted via the Submission Portal. You
will be asked to choose whether the genome being submitted is considered WGS or not. The differences for GenBank purposes are: WGS Browser

Genome Submission Guide

non-WGS genome WGS genome

Genome Submission Portal

Update Genome Records
FAQ

tbl2asn
p2 Create Submission Template

Eukaryotic Annotation Guide

@ Prokaryotic Annotation Guide

\ - Gap {NS} Annotation Example Files

Discrepancy. Report

NCBI Prokaryotic Genome Annotation Pipeline
AGP Format

non-WGS

s Each chromosome is in a single sequence and there are no extra sequences
s Each seguence in the genome must be assigned to a chromosome or plasmid or organelle
s Plasmids and organelles can still be in multiple pieces. Metagenome Submission Guide

Complex Assembly Submission Guide

WGS BioProject



https://www.ncbi.nlm.nih.gov/genbank/genomesubmit/
https://submit.ncbi.nlm.nih.gov/

Postup zaslani GenBank

Standardniho typu
* http://www.ncbi.nlm.nih.gov/books/NBK51157/

The GenBank Submissions Handbook

GenBank Submissions
Handboolk

NCBI Help Manual



http://www.ncbi.nlm.nih.gov/books/NBK51157/

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

Banklt

Submit new sequences to GenBank

What type of sequence data do you have?

O SARS-CoV-2 @

O Ribosomal RNA (rRNA) or rRNA-ITS

O Metazoan (multicellular animal) COX1

O Influenza virus

C Norovirus

O Dengue virus

O Eukaryotic and Prokaryotic Genomes (WGS or Complete)
O Transcriptome Shotgun Assembly (TSA)

O Unassembled sequence reads (SRA)

(O Sequence data not listed above (through Banklt): mRNA, genomic DNA,
organelle, ncRNA, plasmids, other viruses, phages, synthetic constructs

Start

Meed help? Contact GenBank user services at info@nchi.nim.nih.gov.



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

Dalsi pozadavky na zaslani
sekvence

Informace o datu zverejneni
Informace o relevantnich publikacich
Popis zdroje sekvence

Vlastni sekvence
— typ a tvar molekuly
— anotace vilastnosti sekvence



Popis zdroje sekvence 1

* organism
nezkracené védecké jméno
Priklad: [organism=Drosophila melanogaster]
« lineage
taxonomické zarazeni organismu (dle NCBI taxonomy database)
http://www.ncbi.nlm.nih.qgov/Taxonomy/Browser/wwwtax.cqi?mode=Root

« molecule
ve tvaru "DNA" nebo "RNA".
Priklad : [molecule=DNA]

* moltype
muze nabyvat nasledujicich hodnot
Priklad : [moltype=Genomic DNA]

Genomic DNA
— Genomic RNA
— Precursor RNA
— mMRNA [cDNA]
— Ribosomal RNA
— Transfer RNA
— Small nuclear RNA
— Small cytoplasmic RNA
— Other-Genetic
— cRNA
— Small nucleolar RNA

« topology



http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?mode=Root

Popis zdroje sekvence 2

* location
muze nabyvat nasledujicich hodnot
Priklad: [location=mitochondrion]

— genomic

— chloroplast

— kinetoplast

— mitochondrion

— plastid

— macronuclear

— extrachromosomal
— plasmid

— cyanelle

— proviral

— virion

— nucleomorph

— apicoplast

— leucoplast

— proplastid

— endogenous-virus
— hydrogenosome

 Genetic code
(http://www.ncbi.nlm.nih.gov/Taxonomy/Utils/wprintgc.cgi?mode=c)



http://www.ncbi.nlm.nih.gov/Taxonomy/Utils/wprintgc.cgi?mode=c

Popis zdroje sekvence 3

acronym
anamorph

authority

biotype

biovar

breed

cell-line

cell-type

chemovar

chromosome

clone

clone-lib

collected-by

common

country

cultivar

dev-stage

ecotype
endogenous-virus-name
forma

DalSi popisovace ke zdroji sekvence

forma-specialis
fwd-pcr-primer-name
fwd-pcr-primer-seq
genotype

group

haplotype
identified-by

isolate
isolation-source
lab-host

lat-lon

map

note

pathovar
plasmid-name
plastid-name
pop-variant
rev-pcr-primer-name
rev-pcr-primer-seq
segment

serogroup
serotype

serovar

sex

specific-host
specimen-voucher
strain

sub-species
subclone
subgroup
substrain

subtype

synonym
teleomorph
tissue-lib
tissue-type

type

variety



Format sekvence

« Sekvence nukleoveé kyseliny a kddovanych
proteinu pripravene ve formatu FASTA

Nucleotide Sequence:

>ABC-1 [organism=Saccharomyces cerevisiae] [strain=ABC] [clone=1]
ATTGCGTTATGGAAATTCGAAACTGCCAAATACTATGTCACCATCATTGA
TGCACCTGGACACAGAGATTTCATCAAGAACATGATCACTGGTACTT

Protein Sequences:

>4E-I [gene=eIF4E] [protein=eukaryotic initiation factor 4E-TI]

MQOSDFHRMKNFANPKSMEFKTSAPSTEQGRPEPPTSAAAPAEAKDVKPKEDPQETGEPAGN ...
>4E-II [gene=eIF4E] [protein=eukaryotic initiation factor 4E-ITI]
MVVLETEKTSAPSTEQGRPEPPTSAAAPAEAKDVKPKEDPQETGEPAGNTATTTAPAGDD ...



Prerusena sekvence

>m gagei [organism=Mansonia gagei] Mansonia gagei NADH dehydrogenase
ATGGAGCATACATATCAATATTCATGGATCATACCGTTTGTGCCACTTCCAATTCCTATTTTAATAGGAA
TTGGACTCCTACTTTTTCCGACGGCAACAAAAAATCTTCGTCGTATGTGGGCTCTTCCCAATATTTTATT
GTTAAGTATAGTTATGATTTTTTCGGTCGATCTGTCCATTCAGCAAATAAATAAAAGTTCTATCTATCAA
TATGTATGGTCTTGGACCATCAATAATGATTTTTCTTTCGAGTTTGGCTACTTTATTGATTCGCTTACCT
>?200 «—— [Délka preruseni
GGTATAATAACAGTATTATTAGGGGCTACTTTAGCTCTTGC
TCAAAAAGATATTAAGAGGGGTTTAGCCTATTCTACAATGTCCCAACTGGGTTATATGATGTTAGCTCTA
GGTATGGGGTCTTATCGAGCCGCTTTATTTCATTTGATTACTCATGCTTATTCGAAGGCATTGTTGTTTT
TAGGATCCGGATCCGTTATTCATTCCATGGAAGCTATTGTTGGATATTCTCCAGATAAAAGCCAGAATAT
GGTTTTTATGGGCGGTTTAAGAAAGCATGTGCCAATTACACAAATTGCTTTTTTAGTGGGTACACTTTCT
CTTTGTGGTATTCCACCCCTTGCTTGTTTTTGGTCCAAAGATGAAATTCTTAGTGACAGCTGGTTGT
>?unk100 «——— Preruseni nezname delky
TCAATAAAACTATGGGGTAAAGAAGAACAAAAAATAATTAACAGAAATTTTCGTTTATCTCCTTTATTAA
TATTAACGATGAATAATAATGAGAAGCCATATAGAATTGGTGATAATGTAAAAAAAGGGGCTCTTATTAC
TATTACGAGTTTTGGCTACAAGAAGGCTTTTTCTTATCCTCATGAATCGGATAATACTATGCTATTTCCT
ATGCTTATATTGGCTCTATTTACTTTTTTTGTTGGAGCCATAGCAATTCCTTTTAATCAAGAAGGACTAC
ATTTGGATATATTATCCAAATTATTAACTCCATCTATAAATCTTTTACATCAAAATTCAAATGATTTTGA
GGATTGGTATCAATTTTTAACAAATGCAACTCTTTCAGTGAGTATAGCCTGTTTCGGAATATTTACAGCA
TTCCTTTTATATAAGCCTTTTTATTCATCTTTACAAAATTTGAACTTACTAAATTTATTTTCGAAAGGGG
GTCCTAAAAGAATTTTTTTGGATAAAATAATATACTTGATATACGATTGGTCATATAATCGTGGTTACAT



Sekvencni prilozeni
* Fasta+GAP

>ABC-1 [organism=Saccharomyces cerevisiae] [strain=ABC] [clone=1]
---ATTGCGTTATGGAAATTCGAAACTGCCAAATACTATGTCACCATCAT
TGATGCACCTGGACACAGAGATTTCATCAAGAACATGATCACTGGTACTT
>ABC-2 [organism=Saccharomyces cerevisiae] [strain=ABC] [clone=2]
GATATTGCTTTATGGAAATTCGAAACTGCCAAATACTATGTCACCATCAT
TGATGCACCTGGACACAGAAATTTCATCAAGAACATGATCACTGGTACTT
>ABC-3 [organism=Saccharomyces cerevisiae] [strain=ABC] [clone=3]
---ATTGCTTTATGGAAATTCGAAACTGCCAAATACTATGTTA-—--—-——
TGATGCACCTGGACACAGAGATTTCATCAAAAACATGATCACTGGTACTT

 PHYLIP

3 100

ABC-1 ---ATTGCGT TATGGAAATT CGAAACTGCC AAATACTATG TCACCATCAT
ABC-2 GATATTGCTT TATGGAAATT CGAAACTGCC AAATACTATG TCACCATCAT
ABC-3  ---ATTGCTT TATGGAAATT CGAAACTGCC AAATACTATG TTA-------

TGATGCACCT GGACACAGAG ATTTCATCAA GAACATGATC ACTGGTACTT
TGATGCACCT GGACACAGAA ATTTCATCAA GAACATGATC ACTGGTACTT
TGATGCACCT GGACACAGAG ATTTCATCAA AAACATGATC ACTGGTACTT

>[organism=Saccharomyces cerevisiae][strain=ABC][clone=1]
>[organism=Saccharomyces cerevisiae][strain=ABC][clone=2]
>[organism=Saccharomyces cerevisiae][strain=ABC][clone=3]



Anotace vilastni sekvence

« Kodovaneé proteiny

- CDS
interval
nekompletnost na N- nebo C- konci

— gene
interval odpovidajici CDS u experimentalné
prokazanych genu

— mMRNA
interval obsahujici 5-UTR a 3-UTR

o« Kodovaneée strukturni RNA



Priklady nekterych dalsich modifikaci

deskriptoru
« Title

— Informace vyskytujici se v databazi v
DEFINITION LINE

 Comment
— Poznamka k ruznym vlastnostem

* Technique

— Umoznuje vyber techniky pouzité pro
vytvoreni nebo experimentalni evidenci
vlastnosti sekvence



Prehled deskriptoru pro popis
vlastnosti sekvence

(http://www.ncbi.nlm.nih.gov/Banklt/help.html)

attenuator
C-region
CAAT_signal
CDS

conflict
D-loop
D-segment
enhancer
exon

gap
GC_signal
gene

iDNA

intron
J_segment
LTR
mat_peptide
misc_binding
misc_difference
misc_feature
misc_recomb

misc_RNA
misc_signal
misc_structure
modified_base
MRNA
N_region
old_sequence
operon

oriT
polyA_signal
polyA_site
precursor_RNA
prim_transcript
primer_bind
promoter
protein_bind
RBS
repeat_region
repeat_unit
rep_origin
rRNA

S_region
satellite
scRNA
sig_peptide
snRNA
snoRNA
source
stem_loop
STS
TATA_signal
terminator
transit_peptide
tRNA
unsure
V_region
V_segment
variation
3‘clip
3‘UTR
S‘clip
5‘UTR


http://www.ncbi.nlm.nih.gov/BankIt/help.html

Priklady sekvenci



Sekvence mRNA nebo cDNA

«  Kddujici oblasti v€etné iniciacniho a terminacniho kodonu
* Nazev proteinu

 Nazev genu

»  Sekvence proteinu

Homo sapiens prolidase (PEPD) mRNA, complete cds.

FEATURES Location/Qualifiers
source 1..1888
/organism="Homo sapiens"
/chromosome="19"
/map="19ql12-gql3.2"
/cell type="fibroblasts"

mRNA 1..1888
/gene="PEPD"
gene 1..1888
/gene="PEPD"
CDS 17..1498

/gene="PEPD"
/EC_number="3.4.13.9"
/note="imidodipeptidase"
/product="prolidase"



Sekvence prokaryotickeho genu

« Kodujici intervaly

* Nazev proteinu

« Nazev genu, je-li znamy

« Aminokyselinova sekvence

Escherichia coli RecA protein (recA) gene, complete cds.
FEATURES Location/Qualifiers
source 1..3300

/organism="Escherichia coli"
/strain="K-12"

gene 783..1961
/gene="recA"
CDS 783..1961

/gene="recA"
/function="DNA repair protein"
/product="RecA protein"



Sekvence eukaryotickeho genu

« Intervaly kodujicich oblasti v€etné start- a stop-kodonu a intervaly vSech introna
* Nazev proteinu

« Nazev genu, je-li znamy

« Aminokyselinova sekvence

Caenorhabditis elegans tyrosine kinase PTK-2 (ptk-2) gene,
complete cds.

FEATURES Location/Qualifiers
source 1..3180
/organism="Caenorhabditis elegans"
gene 211..3011
/gene="ptk-2"
mRNA join(211..288,533..703,763..890,940..1024,

1084..1380,1838..1962,2018..2099,2301..3011)
/gene="ptk-2"
/product="protein kinase PTK-2"

CDS join (250..288,533..703,763..890,940..1024,
1084..1380,1838..1962,2018..2099,2301..2456)
/gene="ptk-2"
/product="protein kinase PTK-2"



Ribosomalni RNA a vnitrni
prepisované mezerniky

« Nazvy jakékoli strukturni RNA (napf. tRNA-lle, 16S ribosomal RNA)

* Nazvy mezernikovych oblasti (napf., internal transcribed spacer 1, 16S/23S
intergenic spacer)

* Nukleotidové pozice

Saccharomyces cerevisiae 18S ribosomal RNA gene, partial sequence; internal
transcribed spacer 1, 5.8S ribosomal RNA gene and internal transcribed
spacer 2, complete sequence; and 28S ribosomal RNA gene, partial

sequence.
FEATURES Location/Qualifiers
source 1..540
/organism="Saccharomyces cerevisiae"
/strain="UMD 334"
rRNA <1..5
/product="18S ribosomal RNA"
misc_RNA 6..178
/product="internal transcribed spacer 1 "
rRNA 179..377
/product="5.8S ribosomal RNA"
misc_RNA 378..519
/product="internal transcribed spacer 2"
rRNA 520..>540

/product="28S ribosomal RNA"



Oblast promotoru

* Nazev proteinu nebo genu, ke kterému patfi promotor a jeho 5° a 3° obklopujici sekvence
* Intervaly prepisovanych a kédujicich sekvenci, pokud jsou pfitomné

Homo sapiens enhancer-binding protein 2 (EBP2) gene, promoter region and partial

cds.
FEATURES Location/Qualifiers

source 1..3061
/organism="Homo sapiens"
/chromosome="15"
/map="15q13"
/cell line="H441"
/tissue type="lung"

gene 1..>3061
/gene="EBP2"

promoter 1..2947
/gene="EBP2"

TATA signal 2918..2923
/gene="EBP2"

mRNA 2948. .>3061
/gene="EBP2"
/product="enhancer-binding protein 2"

5'UTR 2948..3010
/gene="EBP2"

CDS 3011. .>3061

/gene="EBP2"
/product="enhancer-binding protein 2"



Transpozon nebo inzercni sekvence

Specifické jméno elementu
* Nukleotidoné pozice

« Jména a intervaly kédovanych genovych produktu, pokud jsou pfitomny (napf.,
transposase)

» Pozice a intervaly dalSich vlastnosti (napf. LTRs, repeat regions)

Bacillus subtilis transposon BLT transposase (tnpA) gene,
complete cds

FEATURES Location/Qualifiers

source 1..1221
/organism="Bacillus subtilis"
/strain="RS2"

source 21..1127
/organism="Bacillus subtilis"
/strain="RS2"
/transposon="BLT"

repeat region 21..61
/rpt_type=inverted

gene 128..1034
/gene="+tnpA"
CDS 128..1034

/gene="+tnpA"

/product="transposase"
repeat region 1085..1127

/rpt_type=inverted



Oblasti repetici

* Intervaly repetitivhich sekvenci
* Rodina repetici (napf., Alu, Mer)
« Typ repetice (tandem, inverted, flanking, terminal, direct, dispersed, or other)

« Jednotka repetice (repeat unit) popis intervald, jestlize sekvence obsahuje vice nez
jednu repetici

Homo sapiens repeat regions

FEATURES Location/Qualifiers

source 1..2050
/organism="Homo sapiens"
/chromosome="6"
/map="6q25"

repeat region 8..126
/rpt_type=dispersed
/rpt_family="B2"

repeat region 197..344
/rpt_type="direct"
/rpt unit="197..220"

repeat region 389..673
/rpt_ family="AluSx"
/rpt_type=dispersed

repeat region 847..876
/note="microsatellite BT21"
/rpt_type="tandem"
/rpt unit="ca"

repeat region 1000..2000
/rpt_family="human endogeneous retrovirus K-10



Klonovaci vektor

« JedineCné jméno vektoru
« Kodujici intervaly, jména genu a proteinu

Cloning vector pRB223, complete sequence

FEATURES Location/Qualifiers
source 1..4361
/organism="Cloning vector pRB223"
gene 86..1276
/gene="tet"
CDS 86..1276
/gene="tet"
/product="tetracycline resistance protein"
RBS 1905..1909
/note="Shine-Dalgarno sequence"
rep origin 2535
gene complement (3293..4194)
/gene="bla"
CDS complement (3293..4153)
/gene="bla"

/product="beta-lactamase"
misc_feature 4069. .4125
/note="multiple cloning site"

RBS complement (4161..4165)
/gene="bla"
/note="Shine-Dalgarno sequence"

promoter complement (4188..4194)

/gene="bla"



Bacteriophage lysis module; endolysin and HNH endonuclease genes, complete CDS

FEATURES
source

gene

CDs

misc_feature

intron

CDs

Location/Qualifiers

1..3165

/organism="Staphylococcus bacteriophage 812"
/virion

/mol type="genomic DNA"

/strain="phi812"

/lab_host="Staphylococcus aureus CCM 4028"
/type="wild type"

654..3017

/gene="1lyt812"

join(654..1449,2329..3017)

/gene="1lyt812"

/experiment="peptide sequencing"
/note="Lyt812"

/codon_start=1

/transl table=11

/product="endolysin"
/translation="MAKTQAET........... "
join(1239..1449,2329..2576)

/gene="1lyt812"

/note="SM00644; Ami 2; This family includes zinc amidases
that have N-acetylmuramoyl-L-alanine amidase activity;
Region: Ami 2"

1450..2328

/gene="1yt812"

/standard name="1lyt812-I1"
/experiment="cDNA synthesis and sequencing"
1617..2117

/gene="1lyt812"

/note="ORFI-812III"

/codon_start=1

/transl table=11

/product="putative HNH endonuclease
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