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1. BBenenue

COopka reHoMa — MOCJETHUIN ATAI SKCIIEPUMEHTAIBFHON paOOThl B TEXHOJIOTUU

NGS — cexkBeHHPOBaHHUs HOBOTO (BTOpOIo) mokosenus (puc.l).
Boigenexnuve OHK u3 o6pasua
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Puc. 1. Ocuosubie dTansl NGS

Kak u3BecTHO, BhICOKasi MPOU3BOAUTEIBHOCTh TexHooruii NGS nocruraercs
3a CYET MACCOBOTO napauienvbHo2o CEKBeHUpoBaHUs ¢paemenmos JIHK (BMecTo
«nocredosamenvrhoeoy» mpodreHus yerou Monekynbsl) [1]. Texnomormm NGS
HECKOJIBKO PA3IMYaIOTCs MEXIy CO0O0M, OMHAKO BO BCEX CIy4asx sl TIPOBEICHUS
peaknum cekBeHUpoBaHus K Qparmentam JIHK HeoOxommmo mpucoenwHEeHHE
CUHTETUYECKUX OJINTOHYKJICOTHIIOB — @0anmepoe, KOTOphie IEeNar0T BO3MOKHBIMU
manunynsiiun ¢ monekynamu JIHK, Hanpumep, yHuBepcanbublii agantep lllumina —
AGATCGGAAGAG (https://support.illumina.com/content/dam/illumina-
support/help/lllumina DRAGEN_Bio_IT_Platform v3 7 1000000141465/Content/
SW/Informatics/Dragen/FastQC_Adapter Kmer_files fDG.htm). AnanTepbl Hy»XHbBI
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https://support.illumina.com/content/dam/illumina-support/help/Illumina_DRAGEN_Bio_IT_Platform_v3_7_1000000141465/Content/SW/Informatics/Dragen/FastQC_Adapter_Kmer_files_fDG.htm
https://support.illumina.com/content/dam/illumina-support/help/Illumina_DRAGEN_Bio_IT_Platform_v3_7_1000000141465/Content/SW/Informatics/Dragen/FastQC_Adapter_Kmer_files_fDG.htm
https://support.illumina.com/content/dam/illumina-support/help/Illumina_DRAGEN_Bio_IT_Platform_v3_7_1000000141465/Content/SW/Informatics/Dragen/FastQC_Adapter_Kmer_files_fDG.htm

TUTSI TPUKPETUIeHHsT (PPArMEeHTOB K I1aTdopMe JIJIsi CEKBEHUPOBAHUS, TAK)KE OHU MOTYT
BKJTIOYaTh B ce0s TaKk Ha3bIBaeMble IMTPUX-KOABI (B ciydae rmiardopmsel [llumina —
unoexc) g uaeHtudukanuu onpeneneHubix JIHK-dparmenToB (Hanmpumep, s
pa3ITUYCHUS MPH 3arpy3Ke HECKOIBKUX 00pa3IioB OMHOBpeMeHHO). B pesynsrare NGS-
CEKBEHUPOBAHHUSI TOJIy4alOT MACCHUB JIaHHBIX, COJEPKAIIUNA OTrPOMHOE KOJIHYECTBO
KopoTkux npourenuii pparmentoB JJHK BmecTe ¢ ananrepamu — pudos.

B cBsi3u ¢ 3TUM BO3HUKAET HEOOXOIMMOCTh BOCCTAHOBIICHUSI UCXOHOU MOJTHOM
MOCJIEIOBATEIbHOCTA M3 COBOKYIMHOCTH PHJIOB, U3 KOTOPBIX IPEIBAPUTEIHHO
HEOOXOMMMO YIauTh TOCIEAOBATCILHOCTH aIanTepoB. YmajJeHUE aJanTepoB
HEO0OXO0IMMO, TaK KaK OHM MOTYT OCTaBaThCs B pHJIaX U HCKaKATh PE3yJIbTaThl aHAIN3A.

Hns  cOopkn W aHHOTAMU  JaHHBIE  BBICOKONPOM3BOAUTEIHLHOTO
CEKBECHUPOBAHMS JOHKHBI OBITH MPEJCTABICHBI B BUAC IBYX (hailIOB C MPSIMBIMU H C
obparueiMu pugamu (puc.2) B popmare FASTQ (*. fastq), KoTOpble MOT'YT OBITH

yrnakoBaHbl B apxuBbl GZIP (*. fastqg.gz).

READ 1
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Puc. 2. Ilpsmoe (Read 1) u oOparroe (Read 2) mpouteHus mociiej0BaTeIbHOCTH

[Ipsmoe u oOpaTHOE€ MPOYTEHHUS COXPAHSIOTCS B OTIEIbHBIX (haiiyax.
Hampasnenue npourenuii ykazaHo B uMeHax ¢ainoB — * forward. fastq.gz um
* R1 001.fastg.gz s OpsaMoro npoyreHus U *reverse.fastq.gz wim
* R2 001.fastq.gz aus oOpaTHOrO MPOYTEHUS.

B nmaHHOM TmoOCOOMHM B KadecTBE IMPHUMEpPa HCIOJB3YIOTCSA  JaHHBIC
MOJTHOTCHOMHOTO CeKBeHupoBaHus JakroOarm Lactobacillus hilgardii S145 na
wiarpopme  lllumina  MiSeq, koTopble  MOXXHO  CKadaTb IO  CCBUIKE
(https://disk.yandex.ru/d/IdsHAMnNd8gcaqq):

Lacto S145 R1 001.fastqg.gz (159 MB)

Lacto S145 R2 001.fastqg.gz (202 MB)


https://disk.yandex.ru/d/IdsHAMnd8gcagg

COopka TEHOMa MOXET OCYIIECTBIATHCS PA3TUYHBIMA TMPOTPAMMAMH |
CepBHCaMH, OJTMH U3 KOTOphIX — Web-cepsuc Galaxy [2].

Galaxy — web-cepBUC ¢ OTKPBITBIM HCXOIHBIM KOJIOM JIJIsi aHAJIU3a TEeHOMHBIX
JaHHBIX, aKTUBHO pa3pabareiBaeTcs Ha si3bike Python ¢ 2005 roga komanmoi Galaxy,
BKJIFOUAIONIEH COTPYAHUKOB YHUBeEpcuteTa lleHcuinbBanuM, YHHBepcutera [[koHca
XomnkuHca, OperoHCKOT0 YHUBEPCUTETA 310POBbs U HaykH U coobOmecTBa Galaxy [3].
C kaxapIM 1oJJoM HaOOp WHCTPYMEHTOB 3HAYUTEIHHO PACIIUPSIETCS M K HACTOSIIIEMY
BPEMEHU BKJIIOYAET TaKKe€ WHCTPYMEHTHI [JI aHaidu3a dKCIPECCHUH T'EHOB,
MIPOTEOMUKH, SITUTEHOMHKH, TPAHCKPUTITOMHUKH U APYTUX 00JacTelt OMOMH(OPMATHKH.

Galaxy mpemocTaBiseT CpeacTBa Ui IOCTPOCHHS ~ MHOTOATAITHOTO
BBIYMCIIUTENILHOTO aHaM3a C JIPYKECTBEHHbIM TpaduueckuM uHTepPeiicom
nojib3oBarens [4].

Galaxy sBasiercss miuatdhopMol Il MHTETpaluyd OUOJIOTUYECKUX JIAHHBIX,
MOJIIEP’KUBACT 3arpy3Ky JaHHBIX C KoMIbioTepa mnosb3oBarenss mo URL-agpecy u
HaINpsIMYI0 CO MHOTUX OHJIalH-pecypcoB, Takux kak UCSC Genome Browser, BioMart
u InterMine, mogaepKuBaeT psijl MIUPOKO UCIOIB3YEMBIX (POPMATOB OMOIOTHYECKUX
JTAHHBIX ¥ KOHBEPTAIUIO MEXTY dTHMH (hOpMaTaMHU.

Galaxy pmoctynmeH B BHJe OecIlaTHOTO OOIIEIOCTYITHOTO BeO-cepBepa

(www.usegalaxy.orq). ITonb30BaTenn MOT'YT CO3[aBaTh YYETHBIC 3aMMCH M COXPAHATH

UCTOPUH, paboyurie MPOIIECChl U HAOOPHI TaHHBIX HA CEPBEPE.
B kadecTBe mMporpaMMHOTO 00€CIIeUeHHs ¢ OTKPBITHIM HCXOAHBIM KogoMm Galaxy
TAK)K€ MOXXHO 3arpy3UTh M YCTAHOBUTH B BUJE JIOKAJIBLHOW KOMMUU U HACTPOUTH MO

koHkpetHbIe 3amaun (https://galaxyproject.org/admin/get-galaxy/).



http://www.usegalaxy.org/
https://galaxyproject.org/admin/get-galaxy/

2. IIpoToKo0J COOPKH reHoMAa

CrapmapTHble TPOTOKONBI COOPKM IIUPOKO JOCTynHBl B HMHTepHeTte

(https://galaxy-au-training.github.io/tutorials/modules/spades/,

https://training.galaxyproject.org/training-material/topics/assembly/tutorials/general-

introduction/tutorial.html). Tlpakruueckas pabora Mo cOOpKe MPOKAPHOTHUECKOTO

reHoMa TaKKe JOCTyIHa B BUAE LM(PPOBOro 0Opa3oBaTEIbHOIO pecypca Ha cailte
Kazanckoro denepanpaoro yausepcurera (buonndopmarrka, id: 5808).
IIpoTokoJ cOOpKM reHOMa BKJIKOYAET B ce0sl cJIeaylolue dTarnbl:
e [lepBuuHas OlleHKA Ka4e€CTBA PUIOB
[lepBuuHas oreHKa BKIIOYACT CTATUCTHKU MO pUIaM: JaHHBIE O KayecTBE
IPOYTEHUS KaXKJI0TO0 HYKJIEOTH]IAa B pUJie (HU3KUE 3HAYEHUS YKA3bIBAIOT Ha BBICOKYIO
BEPOSATHOCTH OITUOKH), MMPOIIEHTHOE COACPKAHUE KaXIOT0 U3 YETHIPEX HYKICOTHIOB
¥ Heomnmo3HaHHOTO HykieoTuna N, coBmaaeHne HyKJICOTHAHON OCIEA0BATEIbHOCTH C
M3BECTHBIMU MOCIIEI0BATEIbHOCTAMHU aJJallTEPOB.
e IlpenBapurenbHas 00paboTKa pUAOB
Ha stane npenBaputeabHOM 00pabOTKHU pUIOB IPOBOAST OOPE3KY aJanTepOB U
¢unbTpanuo puioB. B xone puiabTpaniuu yaanstoTcs puibl HU3KOTO KaueCcTBa U PUJIbL,
CJIMILIKOM KOPOTKHE MOCIIe 00PE3KH.
o [loBropHas oIleHKa KayecTBa pPHJIOB IOCIEe OOpE3KU aJanTepoB U
bunbTpanuu puaoB
[ToBTOpHAs OIIEHKA BKJIIOUAET TE€ XKE IMapaMeTphl, YTO W TIEpPBUYHAS OILICHKA, U
HeoOxonumMa JiJ1si KOHTPOJist 3 (HEKTUBHOCTH BBINOJHEHHON (QUIIBTPALUU PUAOB.
e (COopka reHoMa
COopka reHoMa — TMpolleCC OObEIUHEHUS KOPOTKUX PHUAOB B OIHY WIH
HECKOJIbKO JUIMHHBIX MOCJeaoBaTenbHOCTe (KOHTHUIoB H  ckaddonaoB) s
BOCCTAHOBJICHHS TTOJTHOTCHOMHOM nociienoarenbHocTy [JTHK.
e KoHTpoJh KauecTBa COOPKHU MOTYYCHHOTO T€HOMA
ITocne cOopku reHoMa IPOBOAWUTCS KOHTPOJb KaueCTBa IO CTAaTHCTHUKAM,

BBIYHUCIACMBIM Ha OCHOBC JJIHMH KOHTHUIOB. Ha xauectBO C60pKI/I YKa3bIBaACT


https://galaxy-au-training.github.io/tutorials/modules/spades/
https://training.galaxyproject.org/training-material/topics/assembly/tutorials/general-introduction/tutorial.html
https://training.galaxyproject.org/training-material/topics/assembly/tutorials/general-introduction/tutorial.html

HETMPEPHIBHOCTH/TIEIIOCTHOCTh COOpKU. YUeM nIuHHEEe KOHTHTH W MEHbBIIE UX
KOJINYECTBO, TEM BBIIIE KAY€CTBO COOPKHU.
e AHHOTaIUs TeHOMA
AHHOTaIUsl TeHOMa — MPOIECC MOMCKA U OMHCAHUS T€HOMHBIX JJIEMEHTax B
MOCJICIOBAaTEIPHOCTH. AHHOTAIlMs TE€HOMa BKJIIOUaeT HWHQOpMAIMioo O TeHax,
KOJUPYEMBIX HUMM TPOAYKTaX, M MUX pACIOJIOKEHHMHM B aHHOTHUPYEMOU
MOCJIEI0BAaTEIbHOCTH.
e OmnpeneneHue TAKCOHOMUU
[Tocie cOopku reHOMa OMPENENSIOT €ro TAKCOHOMUYECKYIO MPUHAIICKHOCTD
— uAcHTU(DUKALUS B OJHOM TIE€HOME HECKOJIBKMX TAKCOHOB CBUJIETEIILCTBYET O
KOHTaMHHAIMKU oOpas3iia (BMECTO IeHOMa IOJy4yeH MeTareHoMm). B Takom ciyuae

HEO0OX0IMMO TTOBTOPHOE BhIJIeNIeHHe U cekBeHupoBanue JJHK.



3. Coopka reHoma ¢ ucnojib3oBanueM Web-cepsuca Galaxy

Bremmnuii Bun mimaBHOW ctpanuiel Galaxy (usegalaxy.org) mpencraBieH Ha
puc. 3. Kak Buano u3 puc. 3, uarepdeiic Galaxy cocrout u3 Tpéx vacreil — CIucKa
WHCTPYMEHTOB B JICBOW 4YacTW OKHa (Tabm. 1), TeKymeil CTpaHWIbl B IIEHTPE OKHA
(TaBHas cTpaHUIlA/MapaMeTphbl BLIOPAHHOTO HHCTPYMEHTA/TIPEITPOCMOTP TAHHBIX) U
nanenu «Mcropus» B MpaBoi 4acTH OKHA, COJEpIKAIlIe CChUIKM Ha 3arpyKCHHbIEC U

BBIYHCJICHHBIC Ha60pI)I JaHHBIX.

A Wokllow Viswaize ShareaData- Hep- User- ¢ @ H A

Tools - oo History + = -
Galaxy is an open source, web-based platform for data intensive biomedical research. If

Unnamed history ’

0 Project Highlight: S

L] °

& Upload Data

The Vertebrate Genomes Project in Galaxy

© This history is empty.
You can toad your own data or get
data from an external source.

FASTA/FASTQ
FASTQ Quality Control

SAM/BAM

Generating near error-free genome assemblies for
BED more than.70,00Q vertebrate species!
VCF/BCF

Nanopore

Convert Formats Donate to the James P. Taylor Foundation for Open Science

Lift-Over

COMMON GENOMICS TOOLS Learn More

Interactive Tools

Operate on Genomic Intervals
Want 1o learn the best practices for genome assembly using Galaxy? Visit the Galaxy VGP page at https//galaxyprojectorg/projects/vgp/

Puc. 3. I'maBuas crpanuna Galaxy

Tabnuma 1. OcHOBHBIE HHCTPYMEHTHI JIJIs1 COOPKU U aHHOTAI[UU TeHOMa

Upload data 3arpys3ka daiinos B hopmare FASTQ
FastQC KoHTponp kauecTBa CeKBEHUPOBAHUS
Trimmomatic OO0pe3ka amanTepoB M PIIBTPALNS PUIOB
SPAdes COopka reHoma

Quast KonTponb kauecTBa cOOpKU reHoMa
Prokka AHHOTaIMs TPOKAPHOTHIECKOTO TeHOMA
RAST AHHOTAIMS] TPOKAPUOTHUUECKOTO T€HOMA
blastn OmnpeeseHne TAKCOHOMHUH




3.1. Peructpanus u 3arpy3Ka JaHHbIX

Jiis pabotel ¢ Web-cepBrucom Galaxy (usegalaxy.org) HeoOxomuma perucTparys
yaétHoi 3anucu (puc. 4). YUETHyI0 3amuch HEOOX0IUMO MTOITBEPAUTH 1o e-mail.

Create a Galaxy account

Email address

A-Sverdrup@stud.kpfuru

Password

Confirm password

Public name
A-Sverdrup

Your public name is an identifier that will be used to generate addresses for
information you share publicly. Public names must be at least three
characters in length and contain enly lower-case letters, numbers, dots,
underscores, and dashes ', _, ).

(7] subscribe to mailing list

Create

Puc. 4. ®opma perucrpauuu

[Tocie perucTpaiyu U BXoJa B CHCTEMY JJIs1 3arPy3KH JaHHBIX HAKMHUTE KHOIKY
Upload Data, pacmonokeHHy0 MO/ CTPOKOH IMOUCKA MMaHEeIn HHCTPYMEHTOB (pHC. 5).

Tools * 9
search tools ¥ X
X. Upload Data
Get Download from URL or upload files -
from disk
Send Data '

Puc. 5. Bei6op komanas Upload data
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B oxne Upload from Disk or Web maxxmure xnomky Choose local file u
BbIOEpHUTE ABa (haitia s 3arpy3ku B popmare FASTQ:

Lacto S145 R1 001.fastqg.gz (159 MB);
Lacto S145 R2 001.fastqg.gz (203 MB).

[TpoBepsTe NPaBUILHOCTH BBIOOpAa M HAaXMHUTE KHOMKY Start ans 3arpy3ku
¢aiinoB Ha cepBep (puc. 6).

Upload from Disk or Web

Regular Composite Collection Rule-based

You added 2 file(s) to the queue. Add more files or click 'Start’ to proceed.

8 | Lacto_S145_R1_601. 159 MB | Auto-detect ~| Q |unspecified (?) - [ ]

£ |Lacto_S145.R2.861.. 283 MB | Auto-detect ~ | Q | unspecified (?) - & [ ]

Type (set all): | Auto-detect ~ |Q, Reference (set all): unspecified (?) -

Close

L Choose local file &= Choose remote files [ Paste/Fetch data m Pause Reset

Puc. 6. 3arpy3ka (aitioB Ha cepsep

[To oxoHyanuio 3arpy3ku Haxkmute KHomky Close, 3arpyxeHHble (abl
TIOSIBATCS HA TTAHEIIN KCTOPUH (pHUC. 7).

History + = -~
search datasets -4 x
Unnamed history /7
= 3868 MB = Q2 &
ar o
.

2:Lacto_S145_R2_001fastqg @ # W
z

1 Lacto_S145_R1_0801.fastq.qgz E /i

Puc. 7. 3arpyxenusie (haiiabl Ha TAaHETU UCTOPUU
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s npocmotpa (aiioB HaxmMuTe KHOnKy @ (puc. 7). Ilo ymomuanuio
BBIBOJIUTCSl TOJIBKO Havano (aiina — mepBblii MerabaiT maHHbix (puc. 8). Kaxmas
nocienoBaTesibHOCTL B Fastq-daiine 3anuckiBaercs B 4 crpoku: 1) unentuduxarop
MOCIICIOBATEIFHOCTH, HAYMHAIONIMICS CO 3Haka «@»; 2) HyKJICOTHIHAS

MOCJICIOBATEIBHOCTD, 3) 3HAK «+t»; 4) 3aKoAWPOBAaHHOE CHUMBOJAMU Ka4eCTBO

npoutenuii Phred Quality Score.

This dataset is large and only the first megabyte is shown below.
Show all | Save

1819591 21:080020002-BN2]D! 1! 2186 1564611689 11N :@: CATTGCAT+TCTTTCCC
AATCCTGTGAAAGACGATATTAAAACAATATCCCTTTAGTCTAATATTCOCCAAGAAGACAT GAAAGT TRATGCCATCATCGCAAGTTTTAAGCTTGTATCCTAT AAAGACGEGTGTCTATCCGCATACTCTCCTTCATTTACT TCTCCACCTATAGCATCATCCAAATETATCATCAGAGAAATTTCTCCTTTATATATAT
+

BACCiB=1)0%6,,=i#=C,3=553 305237 20C000%58000%088553033033C000008h 0540000500080, %+i80,8,5,98,518,,6,,,88, 85, 558544, 9,,5,,5,+8%,55 9505509455595, 90009000 A8A 5555540500800050%855 555275585555, 657

981969 21: 060E20008-BN2ID: 1: 21g0701162: 1718 1:N:@: CATGECAT+TTTTTCCC
CATAATTGAGTCGEELTGATTAGCAAT, ARATATTCATCCTGATACTCAGTGLCCAGCGLTTTTARACTAACATT TTTATAACCATTCACCCTTTTTTT TATTTCAGATACCGACTTTTCCAATCTATT TACTAAAATGCTTTTATTTCCATTACTATCTGTATGTATATCC TECGT TEETECTTTACCATARCGLTTC

.
CCCCCF, 529966=+@+8C, LffC, ; (6, 5,CFGE, <, , , (8, C-, (8-~ ,<, ;6; , ,BACFFG, 56, ,,,CF ,(8,56¢B3, ,6,,C,CC, 1, BBIFCo++, , <Caced, <5, ,+8+,,1,,91,,,9,,59, ,,,15,,59,,5,,5¢,,,5545,C, ,5, 97,58, , <AA, , 634838+, ,5,,, 1,8, , 3+3=F+
BM81969:31:000009M0 BN2ID:1:2186:13417:1724 1:H:9: CATTGCAT+TCTTTCCC

CAAAAAGACAGCOHMATTAGGTCCACTGETTEGCAGECTTAAGACATTGTCCCTCCATGCAAGTAACTTTCTACCTATGCCGTATTGATTACCCTTCTEGT T TCTGACCTRAGATGCT TTCACATACCTETTTTTCTTTTTCCTTTTACCT TCRAGCCCCTCTACATATGTCTCGGCETTCTCTGTTACTTGATCTTAATCC

g s i
1 gMel969:31:800080082-BM2ID:1:2186:15646:1689 1:N:@:CATTGCAT+TCTTTCLC
2 AATCCTGTGAAAGACGATGTTAAAACAATATCCCTTTAGTCTGATATTCCCCAAGAAGACATGAAAGTTA

3+

) = & —_a i _ " ' " ' ' '
4 EL"EC'E_I}E ':.IJ_'+_C.|JJ_{.|JJ.|J‘.|J J‘]‘{l:.lJ‘J':JJEJJJ{J‘EE'_]‘.‘.‘JJ]‘JJJJCJJJJ‘.‘E.:.l
S ki TN A e T R b
¥P1969:21:00082ABA0-BN2ID: 11 21861 2091711761 1:H:8:CATGECAT+TCTTTCCC

ACTGGTTECETCCAACTTTEAAGETAAGCAACGCGGT TTGECCCTCRGETCCCTCEETTCAALTATCGGTGTTGCATCTCCGTTCGET TCCCCATTCRGTETCCATCTGECTGATCACTCCRETTGTCCEGCCTTCCTTTTCTCCTTTCTCOCCTECTEACCCCCTCCCETCTCCTCCACCACCTTCTTCTTTGCTTARATT
+

BCCB8=8:888=7,=CC0AC, ,680C, }6CAF 1C7F+8,B, CEF, 6+8+-+1E<6+,8886,9, , <, B+B68E,0,49,,,79,6,+84,,,,,,19,,84+,,,,,,5,,8%,9, 19, , H46HHIBEHHE55, ,€5,5, ,,,,,,,, 813,44, ,,,,, H343H1%,,,,,,,64,3%33,,,3,3,,,7,,,,0s
F¥@1969:21 00080000 -BN2ID: 1! 21861 20182:1763 1:H:@:CATTGCAT+TCTTTCCC

ACGCATGAGTGCTTAGGTCAAAGAGCTAAACCGAAT TAATCGCCAATAATACCGCAAATGAT AAATATTTCTACAGTTTGTTAAGTGCGTACCCCTTTTGT TTCATTECTAGC TTCACACTCACTCCGCCATTCTTCTAAACTGTCTCTTTTATAGGTCGCCTACATTTATTCCGAACGAACCTCCTCCTTCGTCTAGATCC
+

ABACCE=*);9;<,=6=08C, ,<CC@, ,<@,E:@+8:6[E, ,,8,@-,;---CBFTF+E@FFD, 5,6, 505,350, 5556, 55 €, +88BBC, ,, 10,00, €,9¢,,,09,,69,,,94,,,,94848+859,5: ,,,,15,95,,,55, 5559, 98++4++, ,95, ,45,, , ++38++823,,31,33,+34,+4,,,,3
91969 : 31 :0008E00A0-BN2ID: 1: 2186: 20666: 1783 1:H:8: CATGECAT+TCTTTCCC
GATCGTGAGCCACTACTGACATCCATTAACGCGCGATCAAAGGTACTACTGGGT AGGAT (GG TTGTGGTGT TCCTTCRCCCCAATTTTTCCAGTTGTTTT T TRAACGGGLACGCCATCCTCAGTACCCGTTTTTCCATCTACTTATTCCCCCRACCARALGT CCATGTCAACCCCCTTTCRCTTTTTTCTTGATTTCATCT
.

6AC<,;=))));;,=CBEAE,=,;,<,,<CB+6+8+8CE, ,(866FG, ,-6-,,;6, ,0C,66FBFEC: ,6:8,CC,,,,,,7,,9:66,,0,5¢9,CFCED>4+5, ,4+87=C:=+89, ,5,,,,8¢,84, ,++4:,<87:,,,,,,,, :86=0C+,3>:5+++83:8,,7,6***, ,76%61%,35, ,38,778, ,4,7
BM81969:31:00082008@-BN2ID:1: 2186: 1299411787 1:H:@: CATGGCAT+TCTTTCCC

GCAGAAGAGT TCTTACGATAAGGCGCTTTTGCCATTGAAGTAGT TGATACAACTCCGTACGTAGETGTAGCAGCCTTTACTTGTGT TGATCGAGTCTGAAGT CCCAACCCAACTCCACCAGTAAGTTCTGTTTCTCACTAAATCTTCACACTGCGCAACCACTCATTGATTTTCATTATACATTCTCCTCCCAGCTTCTGAT
+

-A,44,88)*%====,C-,B, 09, 884C, , ; ,CFGCF, CF @6, , , -<Cj --C, 6,69, ,+}CE 6]}, <C,CF@F99,54,, 1,10, ,€6, ,,,66,,,,¢,<(B628C?7,,91,,,9,9,,,4,49493,9,,1,,,559,99, 1, , 45 @F@+@AT+8, , <3, ,84778,9,,,7,9,7255A35=,3¢=393, ,8

Puc. 8. [Ipennpocmorp ¢aiina Lacto S145 R1 001l.fastqg.gz

KauectBo npoutenuii 3anucsiBaetcs B popmare Phred Quality Score — kaxprii

CHUMBOJI B 4eTBepToM cTpoke Fastq-daitna xogupyer 3HaueHue kadectBa oT 0 10 42

(puc.9).

Q P _error ASCII Q P _error ASCII Q P _error ASCII Q P _error ASCII
0 1.00000 33 ¢ 11 0.07943 44 , 22 0.00631 55 7 33 0.00050 66 B
1 0.79433 34" 12 0.06310 45 - 23 0.00501 56 8 34 0.00040 67 C
2 0.63096 35 # 13 0.05012 46 . 24 0.00398 57 9 35 0.00032 68 D
3 0.50119 36 § 14 0.03981 47 / 25 0.00316 S8 36 0.00025 69 E
4 0.39811 37 % 15 0.03162 48 0 26 0.00251 S8 ; 37 0.00020 70 F
5 0.31623 38 & 16 0.02512 49 1 27 0.00200 60 < 38 0.00016 71 G
6 0.25119 35 " 17 0.01995 50 2 28 0.00158 61 = 39 0.00013 72 H
7 0.19953 40 ( 18 0.01585 513 29 0.00126 62 > 40 0.00010 231
8 0.15849 S1.5) 19 0.01259 524 30 0.00100 63 ? 41 0.00008 74 J
9 0.12589% 43 X 20 0.01000 535 31 0.00079 64 @ 42 0.00006 75 K
10 0.10000 43 + 21 0.00794 54 6 32 0.00063 65 A

Puc.9. Komuposka 3nauennii Phred Quality Score B cumBousr fastq

12



Camo 3mauenme kauectBa Phred Quality Score paccunrtbiBaeTcs Kak
OTPHUIATENILHBIA JIECATUYHBIA Jorapu(M BEPOSTHOCTH OIMUOKUA TPU MPOYTCHUH,

ymHOkeHHBIH Ha 10 (puc.10). Hanpumep, 3nauenue Phred Quality Score, pasuoe 30,

_30
COOTBETCTBYeT BeposTHocTH omuOoku 10710 = 0,001 =0,1% wu To4YHOCTH

npouteHus 99,9%.

Probability of incorrect

Phred Quality Score Base call accuracy

base call
10 1in 10 90%
20 1in 100 99%
30 1in 1000 99.9%
40 1in 10,000 99.99%
50 1in 100,000 99.999%
60 1in 1,000,000 99.9999%

Puc.10. CoorerctBue Phred Quality Score, BeposTHOCTH OIIMOKH U TOYHOCTH

MPOYTEHUS

3.2. KoHTpOJIb Ka4ecTBa CEKBEHHPOBAHUS

JI71st KOHTPOJISI Ka4eCTBa CEKBCHMPOBAHUS Ha MAaHEId HHCTPYMCHTOB B pas3fiesec
GENOMIC FILE MANIPULATION naxmure FASTQ Quality Control u B
BhimaaromieM crucke Boioepute FastQC (puc. 11). Tak kak FastQC npuHHMacT
TOJIBKO OJUH BXOTHOMU (haiij1, OMMMCAHHBIN aJrTOPUTM HEOOXOIUMO IIOBTOPUTH OTACIHHO

JUTS IPSIMBIX PUJIOB U 1711 OOpaTHBIX PHUJIOB.

3.2.1. Oyenka kauecmea npamuvlx puooe

J1i1s1 OLIleHKHW KadecTBa NpsIMbIX puoB B nojie Raw read data from your current
history BbIOEpUTE 3arpy>KeHHBIH daiin C TIPSIMBIMU pugaMu
(Lacto S145 R1 001.fastqg.gz). OcTaBpre OCTaIbHBIE HACTPOHKH IO

yMmosuaHuio u Haxkmure P Run Tool.

13



4 Workflow Visualize SharedData~ Help~

Tools v . . a
/&~ Fast@C Read Quality reports (Galaxy Version 6.74+galaxy®) Av SR I 1 | p Run Tool

h tool ¥ x
search foo Tool Parameters
2, Upload Data Raw read data from your current history *
k] O . 1: Lacto_5145_R1_661fasta.gz -
I GENOMIC FILE MANIPULATION
FASTA/FASTQ o
. b i
| FAST@ Quality Control] D B . | Nothing selected ;
Compute quality statistics tab delimited file with 2 columns: name and sequence. For example: Illumina Small RNA RT Primer
CAAGCAGAAGACGGCATACGA

Draw nucleotides distribution chart

Draw quality score boxplot Adapter list - opienal

FASTQ info validates single or paired i} 0O - Nothing selected -

fastq files

List of adapters adapter sequences which will be explicity searched against the library. It should be a tab-

FASTG Summary Statistics by column
Y y delimited file with 2 columns: name and sequence. (—-adapters)

I FastQC Read Quality reportsl

Submodule and Limit specifing file - cotionzl
FASTGE visualize fastq files with

emojis @ @ k] O - Nothing selected .
MultiQC aggregate results from a file that specifies which submodules are to be executed {default=all) and also specifies the thresholds for the

bioinformatics analyses into a single
repart

each submodules warning parameter

. Disable grouping of bases for reads >56bp
PRINSEQ to process quality of

sequences @) No

I l=inn this antinn will ranse fastoe tnocrash and horm i won nse it on reallv Innn reads and voor nints mav end nn

Puc. 11. FastQC B manenu HHCTPYMEHTOB H IMapaMeTPhI BHITTOTHEHUS

I[Mporiecc BeIMONMHEHUS OyeT 0TOOpaXkEéH B maHenu uctopuu (puc. 12).

© 4 FastQC on data 1:RawD © / & ;: 4:FastQC on data : RawD @ /' &

el 4: Fast@C on data 1: RawData @ # W
ata - -
© 3:FastQC on data 1: Webp @ / & L 3:FastQC on data 1: Webp @ /W 3: FastQC on data 1: Webpage @ P

age age

Puc. 12. Ilpomecc BeIMOTHEHUS: B ouepenn (CiaeBa), BRIYUCICHHE (B IIEHTPE),

pe3yabTarhl (Crpasa)

JlJis mpocMoTpa pe3ylIbTaToOB HaXXMUTE KHOMKY @ i ¢aina FastQC on data

Me...: Webpage (puc. 13).

14



QFastQC Report Lactu_s145_F.:r1h_uu§1_hfn:sr:§g§:

-~
Summary
_ ! @Basm Statistics
Basic Statistics
T
@Per base sequence quality \
Filename Lacto_S5145_R1_@al_fastag_gz
@Per tile sequence quality File type Conventional base calls
. Encodi s, Illumina 1.9
@Per sequence quality scores et FIEET {7 AT
Total Seguences 819359
@Per base sequence content Total Bases 234.3 Hop
@Per seguence GC content Sequences flagged as poor quality 8
@Per base N content SIS S 238
%6C 20
@S_equence Length Distribution
@Sequence Duplication Levels
@Overrepresemed sequences @ .
Per base sequence quality
@Adapter Content
Quality scores across all bases {Sanger / lllumina 1.9 encoding)
38 A ==
T D nEGT
36 H I
34 ;\
32 =
30
28
26
24
22
20
-
18

Produced by FastQC (version 0.12.1)

Puc. 13. OtuéT mo kauecTBy cekBeHupoBanus FastQC ms

Lacto S145 R1 001.fastg.gz

Kak Bumno u3 puc. 13, mporpamma FastQC mnpoBoauT OIEHKY KauecTBa
CEKBECHUPOBAHMUS T10 LIETIOMY psTy mapameTpoB. Oco0oe BHUMaHUE CTOUT YACIHUTH Per
base sequence quality, Per base N content, Per base sequence content,
Overrepresented sequences u Adapter content.

Per base sequence quality (puc. 14): Ha rpaduke mo ocu X OTKJIaJbIBACTCS
MO3UIINS HYKJICOTH/Ia B PUJIE, IO OCH Y — CTaTUCTUYECKAs OIICHKA KaueCTBa:

® cpeaHee 3HAUCHHE — CUHSS JIOMaHas;

® MeauaHa — KPacHbBIC 3aCEUKH;

e uHTEepKBApTUIH (50% BBIOOPKU) — JKENTHIC IPSIMOYTOJIBHUKY;

e mpenenbHbie 3HaueHUs (80% BBIOOPKM) — YEepHBIE JIMHUM C 3acEUKaMH Ha

KOHIIax.

15



Ha rpaduke kauecTBO pUI0B pa3neseHO Ha TPU 30HBI:

e >)8 (3ey€Hasi 30Ha) — BLICOKOE KaueCTBO,

o 20-28 (xénras 30Ha) — OpHEMJIEMOE  KadyecTBO, HeoOXxoauma
dbunpTpanus/odpe3ka puiIoB,

e <20 (kpacHas 30Ha) — HU3KOE Ka4ECTBO, HEOOXOMUMO MPOBECTU IKCTICPUMEHT

3aHoBO (Beiaenenue JIHK, noarorosky /IHK-0nbOnroreku, cekBeHHpOBaHUE).

«30J10TBIM cTaHAapTOM» KadecTsa s mardopmer [llumina mpunsTo cumrats
3Ha4YeHus KadecTsa Bbime 30.

Ha xauecTBO mpOYTEHUN MOXKET BIHUATH MHOXKECTBO (PaKTOPOB, OT KauecTBa
caMux OHOIHMOTEK (CBEXECTH PEAKTUBOB, KOHTAMHUHAIMU OHOIMOTEK, MPOYTEHHE
MOXOXKUX JIPYT Ha JIpyra Mocie0BaTeIbHOCTEN ), 10 ONTUKU Ipubopa (He pacro3HaeT
LBET CBEUEHHUS HYKIICOTH/A), a TAKXKE HaJIM4HE apTe(akTOB — OIIMOOK, BHI3BAHHBIX
HEIMPaBUJIBHBIMU MOJICKYISIPHBIMA B3aUMOJEHCTBUSMH, Hampumep, oOpa3oBaHUEM
JUMEPOB U3 a/IallTEPOB.

COopka reHoMa U3 pU0B HUZKOTO KaueCTBa MPUBOAUT K MOTYUYECHHIO CIUIIIKOM
KOPOTKHX KOHTUIOB, HEIPUTOIHBIX [l JaJIbHEHUIIIET0 aHAJIN3a/aHHOTALIMH, YTO MOXKET
OPUBECTH K TIOJYYEHHIO HEIOCTOBEPHBIX JIMOO HEMpPaBWIbHBIX PE3YyIbTaTOB.
Hanpumep, Tunu4HbIi 610K conepKUT 0kosio 350 aMUHOKUCIIOT, YTO COOTBETCTBYET
HYKJIEOTHIHOM IOCJIEN0BAaTENbHOCTH T€HA NIMHOM OKOJIO | THIC.II.H. — IOKPBIBAEMOM
4 pupnamu anvHod 300 m.H. wmm 7 puaamu jumHod 150 m.H. Ecnu 3Ty puasl He
OKa)XyTCs OObEMHEHBI B OJMH KOHTHI, TO JaHHBIM reH He OydeT oOHapyxXeH MHpu

AdHHOTalluH1, U3 4€ro MOXXHO CACJIAaTb HeraBI/IHBHBIﬁ BBIBO/.

Kak BugHO U3 puc. 14, B Hamem npuMepe 00JIbIINas 9acTh JaHHBIX MOTAIaeT B
3e€Hy0 30HY. CHMKEHuE KauecTBa HauvHaeTcs ¢ mno3uuuu 220 u  sBiIseTcs
npreMIeMbIM J10 To3uiuu 260, B camoM KoHIle puja (to3urmu 260-286) kauecTBoO
KPUTHUYECKOE, YTO TOBOPUT 00 HEOOXOMUMOCTH TPUMMMHIA (00pe3ka 1 (GUIbTpaIus

punoB) (paszaen 3.3).

16



Quality scores across all bases (Sanger / lllumina 1.9 encoding)

N EELHHTR T T

34

|_|

32
30
28

26

24 AL

22

20 o

12

16 =L
14
12

10

o @

L L R

1234567881519 30-34 45-49 60-64 75-79 80-94 110-114 135-13% 160-164 185-188 210-214 235-2386  260-264 285-288
Fosition in read (bp)

Puc. 14. Per base sequence quality aimst Lacto S145 R1 001.fastg.gz

Per base N content (puc. 15) yka3piBaeT Ha KOJMYECTBO HEHU3BECTHOTO
Hykiaeoruaa N B kakaoW mno3unuu. Hanuunme HEOMO3HAHHBIX HYKJICOTHIOB B

MMOCJICAOBATCIIbBHOCTH HCIKCIIATCIIbHO U YKAa3bIBACT HA OIITHOKH CCKBCHHUPOBAHUSI.

M content across all bases
100

%N
0
20
70
G0
50
40
30

20

10

o 12324567889 151% 20-24 45-48 60-64 75-79 90-84 110-114 135-13% 1680-164 185-18% 210-214 235-23% 260-264 285-286
Position in read (bp)

Puc. 15. Per base N content nist Lacto S145 R1 001.fastqg.gz

17



Kak BumHO wu3 puc. 15, B HaleM npuMepe HEONO3HAHHBIE HYKJIEOTHJIbI

MOJIHOCTHIO OTCYTCTBYIOT — KpacHas JTMHUS Tpaduka COBMaaaeT ¢ ochio X.

Per base sequence content (puc. 16) yka3pIBaeT Ha JOJIIO KaXJI0I0 HYKJICOTHIA

(A, T, C, G) B Kax10¥ MMO3UIINU pHJIA B IIPOIICHTAX.

Seguence content across all bases

WT
WC
an kT

a0
70
G0
30

40

e

20 —— e —— i W B R

10

1234567891519 30-34 4549 60-64 75-79 90-94 110-114 135-139 160-164 185-189 210-214 235-23% 260-264 285-286
Fosition in read (bp)

Puc. 16. Per base sequence content minst Lacto S145 R1 001.fastqg.gz

Overrepresented sequences (puc. 17) mpeacraBiser B TaOMHMYHOM BHJIC
HPGBBBIqaﬁHO 4aCTO BCTpCHANOMMCCA B pHAAX IMOCICAOBATCIbHOCTH, COACPIKAHHC
KOTOPBIX, KaK MPaBUJIO, CBA3AHO C HajauuueM apredakrtoB. OTcyTcTBHE MH(MOPMALIH

B JIAHHOM Da3JieJie YKa3bIBAET HA XOPOILIUM PE3yJIbTaT.

@Overrepresented sequences
Mo overrepresented sequences

Puc. 17. Overrepresented sequences mis Lacto S145 R1 001.fastq.gz
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Adapter content (puc. 18) mpencrasnsier B rpaguecKkoM BHIE COACpPKAHUE

aJalTCpoB B IOCJICAOBATCIIBHOCTH.

% Adapter

100 - .
Hlumina Universal Adapter

Ilumina Small RNA 3 Adapter

a0 Hlumina Small RNA 5' Adapter
PolyA
B0 PolyG

70

&0

30

40

a0

20

10

1234567881519 30-34 45-48 60-64 ?5-7_9 80-94 110-114 135-13% 1e0-164 185188 210-214 235-238 280-264
Position in read {bp}

Puc. 18. Adapter content gt Lacto S145 R1 001.fastg.gz

Kak Bugno wu3 puc. 18, B pumax Lacto S145 R1 001.fastqg.gz
obHapyxensl amanteps (IIlumina Universal Adapter — 6opmoBast muHus Ha rpaduke),
YTO CBUJICTEIBCTBYET O HEOOXOAMMOCTH TPUMMMHIa (OOpe3KH ananTepoB H
(bunpTpaluy pUaOB).

3.2.2. Oyenka kauecmea oOpamHwvIX puooe

Jlyis oueHkHM KadecTBa oOpaTHbIX pujoB B mosie Raw read data from your
current history BwiOepuTe 3arpykeHHbId (aiin  C OOpaTHBIMH  pUIAMH
(Lacto S145 R2 001.fastg.gz). OcTtaBbre OCTalIbHBIE HACTPOHKH IO
yMmosuaHuio u Haxkmure P Run Tool.

Hwxe Ha puc.19-23 npencrasieHsl pe3ynbsrarsl ananusa. Kak BugHo us puc. 19,
KauecTBO oOpaTHbIX punoB (Lacto S145 R2 001.fastqg.gz) 3HAYUTENBHO

HIDKE, YeM JUIs IpsMbIX puaoB (Lacto S145 R1 001.fastq.gz) 4TO FOBOPUT

19



00 HEOOXOTUMOCTH TPUMMMHIA (00pe3ka u ¢unsrpanus punos) (pasaen 3.3). Jomm
HYKJICOTHIOB B MTOCJICA0BATEIBHOCTH, KOJMUECTBO HEOMO3HAHHBIX HYKIeoTH10B (0),
orcyrcTBue apredakroB, comepskanue amantepoB (lllumina Universal Adapter),

COBIIAJIAeT JIIS IPSIMBIX U 00paTHBIX puoB (puc. 20-23).

Quality scores across all bases (Sanger;r lllumina 1.9 encoding)

S [ 18 [ [ [ W = gy R W = i"lllll

: ||||l|I I
zz i

24 ]|

H
'_'
—

T

—

,
J
I
i

22 ]

20

13 )‘

16

14

L O R I e |

1234567891519 30-34 45-4% §0-64 75-79 90-94 110-114 1353-13% 160-164 185-188 210-214 235-238  260-264  285-288
Fosition in read (bp)

Puc. 19. Per base sequence quality aimst Lacto S145 R2 001.fastg.gz

M content across all bases
100

YN
a0
a0
70
G0
50
40
30

20

10

1234567891519 30-34 4548 60-64 75-79 90-84 110-114 135-128 160-164 1851885 210-214 235-23% 260-264 285-288
Position in read {bp}

Puc. 20. Per base N content nist Lacto S145 R2 001.fastqg.gz
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Sequence content across all bases

100 wT

HC
an oA

a0

70

50

50

40

oLV B S —— _— == == ‘__A_________,.\____._J\_’_:W
20 | —— e —— ——— ‘B B N EEEE S

10

1234567809 15-1% 30-24 45-49 §0-64 75-7% 90-94 110-114 135-1398 160-164 185-18% 210-214 235-239 260-264 285-286
Position in read {bp)

Puc. 21. Per base sequence content mist Lacto S145 R2 001.fastqg.gz

@Overrepresented sequences
Mo overrepresented sequences

Puc. 22. Overrepresented sequences ainst Lacto S145 R2 001.fastqg.gz

% Adapter
100 - -
lllumina Universal Adapter
llumina Small RNA 3' Adapter
a0 lllumina Small RNA 5' Adapter
PolyA
80 PolyG
70
60
50
40
a0
20
10 /

1234567 8%151% 30-34 4545 60-64 75-78 8094 110-114 135-13% 160-164 185189 210-214 235-23% 260-264
Position in read (bp}

Puc. 23. Adapter content s Lacto S145 R2 001.fastqg.gz
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3.3. TpuMMuUHT

Jlyis mpoBenieHus TPUMMUHTA Ha MTaHEeTU HHCTPYMEHTOB B pasnene GENOMIC
FILE MANIPULATION naxmure FASTQ Quality Control u B Bbinaarorem Crmcke
BeIOepuTe Trimmomatic (puc. 24).

B nynkre Single-end or Paired-end reads? seibepute Bapuant Paired-end (Two
separate input files). B mome Input FASTQ file (R1/first of pair) BeiOepute
3arpykeHHbIil daitn ¢ npsameivu pugamu (Lacto S145 R1 001.fastg.gz), B
noie Input FASTQ file (R2/second of pair) — ¢aiin ¢ oOpaTHbIMH pHIAMH
(Lacto _S145 R2 001.fastg.gz).

Bxutounte nepexrodarens Perform initial ILLUMINACLIP step? (Yes/No),
3areM B nyHKTe Select standard adapter sequences or provide custom? BeiGepuTe
Bapuant Custom. B mosBuBmemcs none Custom adapter sequences in fasta format
BBeauTe mocnenosareabHocts lllumina Universal Adapter — AGATCGGAAGAG. B
nosie How accurate the match between any adapter etc. sequence must be against a
read * Beenure 8.

B pasmene Trimmomatic Operation mactpoiite onepanuto 1: Trimmomatic
Operation (ta6m.2). JJo6aBpre eme 3 omepammu KHomkod + Insert Trimmomatic
operation u HacTpo¥Te UX B COOTBETCTBUH C MapaMeTpaMu (Tadi.2).

OcTtaBbTe OCTaJbHBIC HACTPOWKM MO yMONuYaHWio M Haxkmute P> Run Tool.
[Iporpecc BbIOTHEHUS U PE3YIBTATHI MOSBATCS B TAHEIN UCTOPHH (pUC. 25).

Jlnst mpocMoTpa OOpe3aHHBIX PUIOB HAXMHUTE KHONKYy <@ (puc. 25). Ilo

YMOJTYAHHUIO BBIBOJUTCS TOJIBKO mepBbiii 1 MbB naHHbIX (pHc. 26).
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Ta6muna 2. [Tapamerpsr Trimmomatic Operation

(http://www.usadellab.org/cms/?page=trimmomatic)

1: Trimmomatic Operation

Select Trimmomatic

perform:

operation to

Cut bases off the start of a read, if below
a threshold quality (LEADING),

Minimum quality required to keep a base

*-

3

2: Trimmomatic Operation

Select Trimmomatic

perform:

operation  to

Cut bases off the end of a read, if below
a threshold quality (TRAILING),

Minimum quality required to keep a base

*-

3

3: Trimmomatic Operation

Select Trimmomatic operation to | Sliding window trimming
perform: (SLIDINGWINDOW)

Number of bases to average across *: 4

Average quality required *: 15

4: Trimmomatic Operation

Select Trimmomatic operation to | Drop reads below a specified length
perform: (MINLEN)
Minimum length of reads to be kept *: | 36
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http://www.usadellab.org/cms/?page=trimmomatic

A Workflow Visuslize

Lot c # Trimmomatic flxdible read trimming tool for Iluming NG5S data (Galay Version §.38.1)

search tools X Tool Parameters

2. upload Data

I GEMNOMIC FILE MANIPULATION IA

Single-end or paired-end reads?

Paired-end (two separate input files)

FASTA/FASTR
LE2STG Guality Control | Input FASTG file (R1/first of pai)
Compute quality statistics O 0O - 1: Lacto_5145_R1_861 fast.of
Draw nuclectides distribution A e
Ehart Input FASTA file {R2/second of pair) *
Draw o O @ 0O - || fLlacto 51451 861 s
FASTQ info validates single or —
pairad fasta fles ——
FASTQG Summary Statistics by
column Perform initial ILLUMINACLIP step?
Fast@C Read Guality reports & ves

FASTQE vizualize fastq files with

Cut adapter and other illumina-specific sequences from the read

emajis
Multi@C sggregate resulis from

biginformatics analyses into a single
repon

PRINSEG 10 process quality of

| Trimmomatic flexible read trimming

Select standard adapter sequences or provide custom?

Custom adapter sequences in fasta format - o=1=r=

BGRATCERAMGAG
SAM/BAM Wirite sequences in the fasta format.
BED Maxirmum mismatch count winich will still allow a full match to be performed *
VCF/BCF a
Manopare . . )
How accurate the match between the two “adapter ligated' reads must be for PE palindrome read alignment *

Convert Formats

el
Lift-Onwer
COMBMON GENOMICS TOOLS How accurate the match between any adapter etc. sequence must be against a read *
Interactive Tools
Operate on Genomic Intervals Mirmimum length of adapter that needs to be detected (PE specific/palindrome mode) *
Fetch Sequences/Alignments a
GENOMICS ANALYSLS Blways keep both reads [PE specific/palindrome mode)?
Aazsembly i Ves
Annotation See help below

Puc. 24. Trimmomatic B nmaHei M MHCTPYMEHTOB M HACTPOMKH BBITIOJTHCHUS
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#  Workfiow

Visualize

it v # Trimmomatic flexible read trimeming tool for Ilumina NGS data (Galaxy Version §.38.1)
search tools I T
Trimmomatic (peration

&, Upload Data
Uvaw quality score boxplot 1: Trimmomatic Operation
FASTQ info validates single or b
paired fastg files Select Trimmomatic operation to perform
FASTQ Summary Statistics by
colurmn I Cut bases off the start of a read, if below a threshold quatity :J-ZADING:II
FastQC Read Guality report

© iy : Mimimum: quality required to keep a base °
FASTQE visualize fastq files with
s #®
MultiGC sggregate resuits from Bases at the start of the read with quality below the threshold will be removed
bicinformatics analyses into a single
repart
2: Trimmomatic Operation

PRINSEG 10 process quality of
SEUENCES

Tei ic flexible read trimming Select Trimmomatic operation to perform
tool for Tllumina NGS data

| Cut bases off the end of 2 read, i below a threshold quality [TRAILING) |

SAMSBAM
BED Mirimum quality required to keep a base °
VCF/BCF
Nanopore Bases at the end of the read with quality below the threshold will be removed
Convert Formats
3: Trimmomatic Operation
Lift-Ower
COMMON GENOMICS TOOLS Select Trimmomatic operation to perform
Interactive Tools

I Shding window trirmrming | SLIDINGWINDOW) I

Operate on Genomic Intervals

Fetch Sequences/Alignments Murnber of bases to average across -
GENOMICS AMALYSIS E

Assembly Average quality required *

Annatation E

Mapping

Variant Calling 4: Trimmomatic Operation

ChIP-zeq

RNA-seq Select Trimmomatic operation to perform
GENOMICS TOOLKITS | Drop reads below a specified length (MINLEN |
METAGEMNOMICS

— - Mirimum length of reads to be kept *
Multiple Alignments

Phenaotype Association

Evolution e T (et

Puc. 24. IIponomkenue HacTpoiiku Trimmomatic
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History + =2 =

search datasets 4 o

Unnamed history ’
E291GE = P38

18: Trimmomatic on Lacto 51 @ # W

45_R2_001.fastqgz (R2 unpa
ired)

9: Trimmomatic on Lacto_ 51 @ / W
45_R1_6861.fastq.gz (R1 unpai
red)

&: Trimmomatic on Lacto_51 Ffu
45_R2_001.fastqgz (R2 paire
d)

7: Trimmomatic on Lacto_514 ra
5_R1_0801.fastqgz (R1 paire
d)

Puc. 25. Pesynbrarel TpummMunTa: R1 paired — oOpaboraHHbIe IPSMBIC PUIIHL,
R2 paired — o6paborannbie oOparubie puasl, R1 unpaired u R2 unpaired —

YAAJICHHBIC ITPAMBIC U O6paTHBIe pUAbI COOTBETCTBCHHO

This dataset is large and only the first megabyte is shown below.
Show all | Save

E21969: 21 0000@000@-BM2ID11: 2106 18402:1900 1:N:8: CATGGCAT+TCTTTCLC
AGTTAGGCCGTTGAGAAGAAT TTATATGAGCGTC TEEC TCCGT AAAACGTTG

+

s CCECFFFGGEFGFFSF,E, ;,<C, <66, T+B83-CC,B,958F  EC<, 6

EM81369: 31: 000OEERBE-BM2ID:1:2166:16613:2881 1:N:8: CATGGCAT+TCTTTCCC
CGTEEEGCEECEEATAGGAAAAGTGECCTGETAGCCCAAATGATCATCTTTATCGAATGATATGAACAACGGETTG
+

S@S@EEE, SESCFESB:6: ,,8=60=FF2G79,86-CE,C, ,«50F,C,<, ?A,BF8E,(5,<5, 4, , |@:F6a4
E21969: 31 0000@000@-BM2ID:1: 21861 21577:2093 1:N:0: CATGGCAT+TCTTTCLC
GATAAGTGAATTGTCAAGAAAGAGAGTCTTCTTGAAGATETGATACT

+

B:38EF,<C,5<CEC<ECEEREF,8B; ; ; 6FIEECCAFCE, 6C, <CC

GM81969: 31: 80BEEERBR-BM2ID 112166 160848:2168 1:N:8: CATGGCAT+TCTTTCLC

ACAGEATCCACGELGGECAATTTEAATACCG TG GCCaTGCAATAGGC TAAATCAACCGETEAATAAATET TTTGGGTGAC ACAACAAAT GATAAGLGELGT TTTGEECCGATAGAAGAAGS
+

6,3345,3C;C8BCCED@AT, , <6, 1, 6CF :DFGCF-584BCE, CaFFe, ,C,, , A488: CTFFBCF, <CFCF274+8+BE, 1 1 BF,F<B<, EFSCCCF<@E<ETRFGEC3CY, 78, >
GM81969: 31 @0BE@eBEE-BM2ZID:1:2186; 16141:2168 1:N:8: CATGGCAT+TCTTTCCC

GTAATTAGGAGAGTAGAGGAT TTTGCCAACGATGTTAGTAAGC CLAACGAT TCCTGATACGETATGATGCTATGT GAGEGETGAGT TEAATGCAGEAT ARAAARATATACAGGETTTTAGTE
+

=,=;,;8@¢<, ;<B;CECC@GE6, ,<EFAEFCS, 1 j<C, ;CE<;, :C,BF86,¢,;;6,<, : CEDEFACE<CBCFEQEEF>FBFTF FCFFCFEFFF=, 3 ?FF 2 FEACFGGEDC, 3=FERA?
GM@1969: 31: 00BEEARER-BM2ID 1121661 16933:2128 1:N:8: CATGGCAT+TCTTTCLC

AATGAAGACACAGCCAACGATACAAGGAACCAAGTAGGTCAAGACAG

+

<} CESECA, ;6 6CAACES, 88C, CACDEF 64 ;CC, ; CEDF<CFF

Puc. 26. [IpocmoTp pe3yiabTaToB TPUMMUHTA
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3.4. KoHTpo/ab KauecTBa pUI0B MOC/e TPUMMHHIA

JI7ist KOHTPOJIsl KauecTBa PHUIOB TOCE TPUMMUHTA HA MMaHEId HHCTPYMEHTOB B
pasnene GENOMIC FILE MANIPULATION naxvure FASTQ Quality Control u B
BhITIaIaromneM crucke Beroepute FastQC.

B nosie Raw read data from your current history Beioepure ¢ npsIMbIMU PHIaAMU
Trimmomatic on Lacto S145 R1 00l1.fastq.gz u maxmure » Run Tool, 3arem
BHIMIOJIHUTE TporpamMMmy emé pa3 ¢ oOparHeIMH puaaMu: Trimmomatic on
Lacto_S145 R2 001.fastq.gz: R2 paired

Hike mpuBeeHO cpaBHEHHE OIEHKU Ka4ecTBa PUAOB JIO U MOCJIC TPUMMUHTA
I IpsIMBIX (puc. 27-28) u ooparHbix (puc. 29-30) punos.

[Tocne ynaneHus aganTepoB KaueCTBO PHJIOB MOBBICHIOCH (puc. 27, 29),

cojiepKaHHe aJIalTepoB, KaK M 0KHUJIAI0Ch, yIajo o0 Hy/s (puc. 28, 30).
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e
36
24
a2
a0
28
26
24
22
20
12
16
14
12

10

38
36
34
a2
30
28
26
24
22
20
12
16
14
12

10

o

L L R

Quality scares across all bases (Sanger / llumina 1.9 encoding)

. TOYT """"""|QEDHH:

[ 11

1]

|
|

12345678 915-19 30-34 45-48 60-64 75-7% 20-84 110-114 135-13% 160-164 185-18% 210-214 235-239 260-264 285-286
Fosition in read (bp)

a)

Quality scores across all bases (Sanger / lllumina 1.9 encoding)

1234567881519 30-34 45-49 60-64 75-79 80-94 110-114 135-13% 160-164 185-188 210-214 235-2386  260-264 285-288
Fosition in read (bp)

0)
Puc. 27. Per base sequence quality mst Lacto_S145 R1_001.fastq.gz

a) 710 TPUMMHUHTa, 0) IMocJie TPUMMUHTa
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@Adapter Content

100

a0

a0

70

&0

30

40

30

20

10

% Adapter
lllumina Universal Adapter

Mumina Small RNA 3 Adapter
lMlumina Small RNA 5 Adapter

Polya
PolyG

—
e
— ——
1224567881518 20-34 4548 e0-64 73-70 8094 110-114 1323-138 160-164 183-188 210-214 235-229 260-264

Position in read {bp}

a)

@Adapter Content

100

a0

20

70

&0

50

40

30

20

10

% Adapter

lllumina Universal Adapter
Mumina Small RMA 3 Adapter
Mumina Small RNA 5 Adapter

Polys
PolyG

1234567889 1515 20-34 45-48 60-64 73-786 80-84 110-114 123-138 160-le4 185-189 210-214 235-239 2p80-264

Position in read (bp)

0)
Puc. 28. Adapter content qst Lacto_S145 R1 001.fastq.gz

a) 10 TPUMMHUHTA, 0) IMociie TPUMMHUHTa
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38
36
34
a2
30
28
26
24
22
20
12
16
14
12

10

o @

L L R

el=)
36
24
32
20
28
26
24
22
20
12
16
14
12

10

Quality scores across all bases (Sanger / lllumina 1.9 encoding)

IllllllllIIIIlll'llllillllliillllliii I-Il
R

IIIIT

H

i
|

1234567881519 30-34 45-49 60-64 75-79 80-94 110-114 135-13% 160-164 185-188 210-214 235-2386  260-264 285-288
Fosition in read (bp)

a)

Quality scores across all bases (Sanger / lllumina 1.9 encoding)

“..““......-----|li"I“ii“'"i'ii'i“iiii!! Ifﬂmm
|

© 1234567881519 30-34 45-49 60-64 75-79 90-24 110-114 135139 160-164 185-18¢ 210-214 235-239 260-264 285-286

Fosition in read (bp)
0)
Puc. 29. Per base sequence quality ms Lacto_S145 R2 001.fastq.gz

a) 10 TPUMMHUHTa, 0) IMociie TPUMMUHTa
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aAdapter Content

% Adapter
1400 N .
Illumina Universal Adapter
Mumina Small RMA 3' Adapter
BN Mlumina Small RNA 5' Adapter
Poly A
20 PolyG
70
L]
50
a0
30
240
10
0 e 'E = B = = -

1234567889 1518 20-34 4549 &0-564 75-79 9094 110-114 135-138 160-lad4 185188 210-214 235-239 260-264
Poszition in read (bp)

a)
@Adapter Content

% Adapter

100 . -
lllumina Universal Adapter

Mumina Small RMA 3 Adapter
ag llumina Small RNA 5 Adapter

Polya
20 PolyG

70
G0
50
40
30
20

10

1234567351515 20-34 45-49 60-g4 73-78 8084 110-114 133-138 160-lgd4 185188 210-214 235-228 280-264
Position in read (bp)

0)
Puc. 30. Adapter content mst Lacto_S145 R2 001.fastq.gz:

a) 10 TPUMMHUHTA, 0) mociie 00pe3Ku
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3.5. Coopka renoma

Jns cOopku reHoMa Ha maHenu HHCTpyMeHTOoB B paznene GENOMICS
ANALYSIS naxmure Assembly u B Beinaaromiem criricke Beioepure SPAdes (puc. 31).

B mone FASTA/FASTQ file(s): forward reads BeiOepute pe3ynbrat paOOTHI
Trimmomatic ¢ npssmeiMu puiamu Trimmomatic on Lacto_S145 R1 001.fastg.gz: R1
paired.

B mone FASTA/FASTQ file(s): reverse reads BeiOepute pe3yiabTar paOOTHI
Trimmomatic ¢ obparaeiMu pugamu Trimmomatic on Lacto_S145 R2_001.fastq.gz:

R2 paired.

Tools -

search toals ¥

1 U e L a1 S 1
assembly based on read depth
{purge_dups)

Buast Genome assembly Guality

Racen Consensus module for raw de
novo DA assembly of long
uncomected reads

RefSeq Masher Contains Find NCEL
RefSeq Genomes contained in you
SEUENCES

RefSeq Masher Matches Find
closest matching NCEI RefSeq
Genomes 1o your sequUEnces
rnaGUAST & quality essessment ool
for De Nowvo franscriptome
aszemblies

rnaSPfdes de novo transcriptome
assembler

rnaviral5PAdes de nowe assemibler
for transcriptomes,
metatranscriptomes and
METAHAromes

SALSA scaficld long read assemilies
with Hi-C

Showill Faster SP4des assembly of
Tllumina reads

‘Smudgeplot inference of ploidy and
heterorygosity structure using whole

‘SPAdes genome assembler for
genomes of reqular and single-cel
projects

velvetg Velve! sequence [
assambler for very short reads
velveth Prepare & dataset for the
Velwet velvetg Assembler
VelvetOptimiser [ cmpraceind |
Sutomatically optimize Vehet
assemblies

YAHS yet another HI-C scafiolding
tool

Annotation

Mapping

# SPAdes genome assemibler for genomes of reguler and single-cell projects [Galaxy Version 3.15.5+galaxy2)
Tool Parameters
Operation mode *
Aszsemioly and emmor commection

T run read emmor comection, reads should be in FASTA format.

Single-end or paired-end short-reads

Paired-end: individual datasets

It assumes that all samples belong to the same Bbrary. If you want to use samples from twe different libraries, include the s=o

FASTA/FASTQ file(s): forward reads *

B o -

¥: Trimmamatic en Lacio_S145_R1_861 fastq.ge (R1 peired] =

accepted formats gm0 column select =

FASTA/FASTO files): reverse reads *

0 o -
accepted formats -

8: Trimmomatic on Lacto_5145_RZ_861 fastqgz (R2 paired] =

gwitch to column select =

Type of paired-reads *
Default [--ps]

In paired-end segquencing, the library preparation yislds a set of fragmenits, and the machine sequences each fragment from
fragments that are distal to each other in the genome and in the oppasite in orientation to that of a mate-paired fragment.

Select orientation of reads *
FR (-5 <-)

Mote: mate-pair fragments are generally in 3 RF conformation. In general, paired-end reads tend to be in & FR orientation

Use an additional set of short-reads

Disabled

Enable this option if you want to combine 1o data sources (e.g. single and paired reads)
Additional read files

Pipeline options - ==res
Select f Desslect all
Dizabie repeat resclution |—disable-m|
Single cell mode: required for MDA [zingle-cell] data {--=c)
Isclate: highty recommended for high-coverage isolate and muiti-cell data (—isolate)
Careful: ties to reduce the number of mismatches and short indels. Only recommended for small genomes [—carsful)
Tontoment: required when assembling IonTorrent data [—iontoment)
Ermor correction requires FASTA input files.

Puc. 31. Hacrpotika SPAdes
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Select optional output file(s) *

Azzsembly graph =

Assembly graph with scaffolds = Scaffolds =
switch to column select\
Only shown in history if seNcted here and generated by the spec\{ic run.
Additional Options
Email notification

@ ) Mo

Send an email notification when the job completes.

= Run Tool

Puc. 32. Hactpotika SPAdes (nmpomomkenue)

B nynkre Select optional output file(s) ynanute kHOMKO# X Bce aBTOMaTHYECKU
BBIOpaHHBIC BapuaHThI, Kpome Contigs (puc. 32).

OcTaBbTe OCTAIbHBIC HACTPOWKH 0 YMOJTYaHUIO U Haxkmute B Run Tool.

COopka TeHOMa — caMblii JOJTUA ¥ BBIYMCIHMTEIBHO CJIOXKHBIA 2Tarl,
BBITIOJTHEHUE MPOrpaMMBbl 3aHUMAET 3HAUYUTEIbHOE BpeMs (0T yaca u 6omee). COopka
OCYIIECTBISIETCA U3 OOpE3aHHBIX OT(HUIBTPOBAHHBIX PHUAOB IOCIE TPUMMUHTA.
KoHcencycHast  mocienoBaTelbHOCTh ~ KOPOTKMX  pUIIOB  OOpa3yeT  KOHTHL.
[locnenoBarenbHOCTb, OOBEAUHAIONIASI HECKOJBKO KOHTUTOB C HEU3BECTHOMU

nocienoBatenbHOCThIO M3BecTHOTO paszmepa (NNNNN) mexny HuMu 00pasyror

ckaddonn (puc.33).

Ckadhdong
A -
KOHM 1 Man K(w -
™ F i =g

...NNNNN...

) —@mn ) —@  ||3pecTHas
=< ) ——<@@Emm 1ocrefoBaTensHOCTb

Puabl ¢ anuHHOM = <= M3BecTHOe paccTosiHue
BCTaBKOW

KopoTtkue puabl

Puc. 33. Ilpuniun cO0pku reHoMa: publ — KOHTUTH — cKaddoiabl
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[Iporpecc BoITIOHEHUSI ¥ PE3yALTAT COOpKH TeHoMa (0uH (haiiyn mog Ha3BaHUEM
SPAdes on data ... and data...: Contigs) nosiBurcst B manenu ucropuu (puc. 34).
s mpocMmotpa coOpanHbix koHTHIOB (Contigs) HakmuTe KHONKy @. Ilo

YMOITYaHHIO BBIBOJAMTCS TOJBKO MEPBBIN MerabaiT naHHbIxX (puc. 35).

Y
This dataset is large and only the first .
megabyte is shown below.

Show all | Save

*MODE_1_length_z4@91@ cov_47.775582
ATTTAATCCGGTCTTTTCGATCCATAATATTAACAACTCCCETTAAG]
CTTETTAANAAGTAACTGTCGATGTTTTAAGCCTTTATACTATTATA!
GAATTCGCTTTCTTTTCGGCCATTTCAGT TGAARATTTCCTTAATCAI
ACGTCARAATATTAATGCAAATETGCCTAATCTAGCAT TATACTGAA
GAGCAATTTGCTGAGATCATTTTTGEGAACCCTTTGAACCTGTGAGTL
GGEAAGCTTAACAATATGAGTCTGTTAATTTCTC TCCAAGCAATAATI
ATCATGGTTAAMACACATGCAATAGAAATTTTTGATGGTTATGCGACT
TGETTTCTGECCAATAAGCAGATATTTCTGAGTGAACT AAAACTTTT!
GACTTAGGCTCAACAMAACATGTCTTATCAATCGETTATGECAGCGGE
ACCCTCCACCGCCAATATGECCTGCCACTTTTTGATGETGT TRAACC!
GCACAGATTGCAAAANAGC GEGEATTAAACGTTCGCGT TGGARAAGC
CTGCCCGCAAGACAGTATGATACCATTTACTTTAATGGCAGCTCCAG]
. TTATTGGCAGCTTATCAAAATTETATCAAAGCAC TCAAGTCCRGCGER!
Unnamed history ' ATTGACGTGCCAAAAGAAAGTGCTTATGGAT TAATGTATATGC TTECL
AATTATCAATCAGAAGAATTGGCAMATGT TCTTCCGARATGECCATAL
=707 GB = 9 = GTTGATTCTGCATACTGECATACCACCCTAGAARAAAAGCACCTTTTY
CAGCTACGACATTTAAGGTTCAAACASACCTTEECAGCAAACCCACTC
B e AGTETTGAAGAACCTGAAGATEECTTTTCAAAGEETGET TATGTCGELY

a~

n
m

History +

search datasets ¥ *

AAACCTTAAAACAAAAT AAATAAGCTGACATCAGTTCCTTGAT ARALE
177:SPAdes ondata1Zandda @ # B CAGCTTATTTAGETTCTECTGATTATTTTTGTTTTGACTGLCAGTET]
ta 11: Contigs TTTCACGTCCACCAGCTTCCTCCATT TEGAAGCGAAATGEATTLTTT]
GATGTTCCTCTTCTGCTGEATAAAAGGET TTEECCTCTTCAAT TTEAL
GETCAAACATACCAETTTCCTCTAAAGCTTTTTTGEAAGCC TCCGEAL
CTTCATCTTTCACAAAGATCACTGGACGATAGTTATCTCCTCGATCL
TTGCATCTETTGRATCTETTTGCTGCCAATAAAT TTGAACCAGT TG
TATCTGGATCAAAATTGATTTTAACGRCCTCEETATATCCOGTTGTAL
GTTCETAGETCGRATTTGC TACATGACCACCCGTATATCCGEAAATAL
CGEECATGETATCAAACGETTTAACCATACACCAGAAACACCC ACCEE
TATCTTCCATTAATGACACCTCTTTGACTTTATTATTAATATCATCTY
AACAGCTGTACATATCAGTTAAACATTEETTTATACTGACCETACCE
TCETCTGTEEGAATGAACTTCAAGGC CRCGGEAAT TGATACAATATCA]
TCTTTTGECCCATCRCCAAACACATGCCCTAGATGAGAATGAGCATC!
TCCTCTCTAATCATCCCGTGAGAAGT ATCCAAATTCTTATGAATACTI
GGTTTGGTAAATGATGGCCATCCACACCCAGEGTCATATTTGTCCTTY
GGTTCACCACTTACGACGTCAACATAAATACCCTCTTGATAAAAATG!
CTAAAGGETGCCTCCGTAGCGECCTCTTGGETAACCGCATATTGTTL]
TGETTTTAAATCTTTTTTCTCAACCATRCTTGACCTCCTGCCAAGEET!

Puc. 34. Pe3ynbrar cO0pku reHoma Puc. 35. I[IpocmoTtp pesynbraTa cOOpKu

Ha MMaHCJIn UCTOpHUHU Tr€HOMa
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Kak BunHo u3 puc.35, konturu npezactasineHsl B popmare FASTA. B 3aronoske
ykazaH Homep koHtura (NODE ...), ero mmuna (length ...) m cpemHss cTeHCHb
HOKPBITUSL (COV_...), KOTOpasi yKa3bIBaeT, CKOJBKO B CPEIHEM PHUIOB IEpPEKPHIBACT
KXKIYIO MTO3UIHMIO B KOHTHUTE (prc.36). BEICOKMM 3HaYCHHEM MOKPBITHS I COOPKH

reroma de nNoVo sBisieTcs 3HadeHue B npeaenax 50-100.

FeHom (MHOro Konun)

Puabi
—] [ ] c————— g e—————
Dy ec———— | ———— ————
[—] [—————— e .}
— - ———} [———— .
 — ]} f—] [—]
——— ] —— ] EE——
Bbicokas cTeneHb NoKpbITUSA Huskoe nokpbiTue HeTt nokpbiTus

@ (noTeps AaHHbIX)

Kouceuczcuaa nocrnenoBaresyibHOCTb ! KOHTVII'!

Puc. 36. [Ipuniun cOOpku reHoMa: CTETEeHb MOKPBITHS KOHTUTA PUJIaMU
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3.6. KonTposb kauecTBa cOOPKHU reHOMAa

Jlyist KOHTpOJIA KauecTBa cOOPKM TeHOMa Ha MaHENd WHCTPYMEHTOB B paselie
GENOMICS ANALYSIS naxxmure Assembly u B BblmamaromeM CIHCKe BbIOEpPHTE
Quast (puc. 37).

B none Contigs/scaffolds file * Beidoepure pesynsrar coopku renoma SPAdes on
data ... and data...: Contigs.

OcrtaBbTe OCTajJbHBIC HACTPOWKM MO yMOnM4YaHWio ¥ Haxkmute P> Run Tool.
[Tporpecc BBIMOJHEHHS W PE3yNIbTaThl MOABATCS B MaHeau uctopuu (puc. 38). Jlis

IPOCMOTpPA OTUYETA IO Ka4eCTBY COOPKHM IeHOMa HA)KMHUTE KHOIIKY @ (puc. 39).

4 Workflow Visualize Data~ Help~ User~
Tools v . .
/& Quast Genome assembly Quality (Galaxy Version 5.2.8+galaxyl) o & v &
search tools ¥ %
Tool Parameters
1. Upload Data Assembly mode?
Y -
Rz C s o a0 Co-assembly (1 contig file for several samples) -
assembly based on read depth
(purge_dups) Useful to know if contigs have been generated all samples together (co-assembly) or on each sample individually {individual
I Quast Genome assembly Quality I assembly)
Racon Consensus module for raw de . . .
Use customized names for the input files?
novo DNA assembly of long
uncorrected reads
No, use dataset names -
maQUAST A quality assessment tool
for De Novo transcriptome assemblies They will be used in reports, plots and logs
maSPAdes de novo transcriptome Contigs/scaffolds file *
assembler
- - E :
maviralSPAdes de novo assembler for (& 17: SPAdes on data 12 and data 11: Contigs =
transcriptomes, metatranscriptomes accepted formats ~
and metaviromes
SALSA scaffold long read assemblies Reads options
with Hi-C
Shovill Faster SPAdes assembly of Disabled -
Illumina reads
Currently, the supported read types are Illumina unpaired, paired-end and mate-pair reads, PacBio SMRT, and Oxford
Smudgeplot inference of ploidy and Nanopore long reads
heterozygosity structure using whole
genome sequencing
SPAdes genome assembler for Type of assembly
genomes of regular and single-cell
projects Genome .
velvetg Velvet sequence
assembler for very short reads
Use a reference genome?
velveth Prepare a dataset for the
Velvet velvetg Assembler No
VelvetOptimiser deprecated
Automatically optimize Velvet Many metnc_s can't be evaluated without a reference. If this is omitted, QUAST will only report the metrics that can be
assemblies - evaluated without a reference.

Puc. 37. Quast B maHenn HHCTPYMEHTOB U HACTPONKHU BBITIOJHEHUS
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History + = -

search datasets ¥ »®

Unnamed history ’
=693 MB Q47 WaEaz =
2E e
il

24: Quast on data 23: HTML r f i
eport

Puc. 38. Pesynbrar BoinonHenus nporpamMmmbl Quast B manenu ucropuu

Kak BugHO 13 puc. 39, oTU€T coepKUT TabIuuHbIe U rpadudecKue JaHHBIE.

B Tabmuie mpuBeleHbl CTAaTHCTHYSCKHE JAHHBIC MO KOJMYCCTBY 3HAYMMBIX
KOHTHTOB ¢ JytuHOW Oomprie 500 m.H. (# contigs, 784), o0meMy KOJWYECTBY BCEX
koHTuros (# contigs >= 0 bp, 856), konmnuecTBy KOHTUTOB JiauHON Oosee 1000 mm.H.
(# contigs >= 1000 bp, 570), nmuHe camoro npotskénHoro kontura (Largest contig,
240910 1.H.), o6mieit anune 3HaurMbIx (>500 m.H.) konTuros (Total length, 5029383
1.H.), o0mieit amHe Beex konturos (Total length >=0 bp, 5060818 1.1.), o01ieit amuHe
konturoB >1000 m.u. (Total length >= 1000 bp, 4874706 n.u.), GC-cocraBy (GC%,
41.82), xommuecTBy U copepkanunio Ha 100000 11.H. HeOmO3HAHHBIX HYKJIeOTH 0B (¥N %,
0 u #N* per 100 kb, 0) u mapamerpam, OMKMCHIBAIONIUMH BKJIaJl KOHTUTOB B OOIIYIO
COOpKY:

N50 = 52948 n.H. — KOHTHTH 0oJIee JIMHHBIC, YeM 3TO 3HAYCHHUE, TTOKPHIBAIOT
He MeHee 50% cOopku.

L50 = 26 — xomn4yecTBO TaKUX KOHTUTOB, 00pazyromux 50% cOopku.

N90 = 1977 nm.H., L90 = 330 — aHanoruyHbie mapameTpsl Uisi COBOKYITHOCTH
KOHTHUTOB, 00pazyromux 90% coopku.

B oruér BxmouéH rpaduk (puc.39), oroOpaxkaromuii Bce NX-3HAUCHHS
st X = 0-100%.

auN = 68125 — momaap nox rpadpukoM NX-3HaueHHI
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[TonpoOuee o3HakoMutbest ¢ pykoBoacTBoM mo QUAST MOXHO MO CCHUIKE:

(https://quast.sourceforge.net/docs/manual.html#sec3.2)

QUAST

Quality Assessment Tool for Genome Assemblies by CAS

21 March 2024, Thursday, 0B:AT:37
Wiew in Icarus contig browser

Al statistics are based on contigs of size >= 5D0bp, unless otherwise noted (2., =& contigs {>= 0 bp)"~ and “Total kngth (== 0 bp)” indude all contigs).

Statistics without reference  SPAdes on_data 12 and data_11...

# eonligs 7B4

# contigs (== 0 bp) B56

# contigs (>= 1000 be) 570
Largest contig 240510
Total length 5025 383
Total lemgth (== 0 bp) S5060ELE
Total length {== 1000 bp) 4874 705
NS0 52848
NSO 1577
aul EBE 125
L0 26

L5 330

GC (%) 41.82
Mismatches

# N's per 100 kbg i}

# N's o

Plots: Comulative length ks GC content
5.5 Wi - - - 1

&5 -

3.5 //
i

0.5 I

a
o LR 2L I 400 S [ POk conilay

Contigs are ordered lrom largest {contig #1) to smallest.

Puc. 39. Oruér Quast o kadecTBe COOpKH reHOMa — TabJIMIIA IO CTAaTUCTUKE U

KyMYJISITUBHBIN TpauK ATUHBI

38
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Plots: Cumulative length Nx GO oontent
s = I50 kbp 1 [+

S0.57 %
52048, SPAdes on_data 12 and data 11 Contigs

20 30 &0 e &0 H EL P xS

Puc. 39. (mponomxenue) ['padpux NX-3nauenuit, NSO Brigeneno

[To maHHBIM TTapamMeTpaM MOXHO CJIeaTh BBIBOI O KaueCTBE COOPKH TeHOMA:

N50 siBnsieTcs Mepol 11eJIOCTHOCTH TeéHOMAa — KaueCTBO COOPKHU TEM BBIIIIE, YEM
Hwke 3HaueHue NS0 (uem 6omibie NS5O, Tem Gojiee METKMMH KycOdKaMu coOpajcs
TCHOM), KaK U o0uwiee Koauuecmeo KOHMuz06. YeM MCHbBIIC KOIUUECHE0 W
cooepiicanue HeoONnO3HAHHBIX HYKJ1e0mMu006, TEM BhIIIIE KauyeCTBO.

B cmydae, ecnmu wu3BecTeH pedEpeHCHBIA TE€HOM, MOXHO IPOBEPHTH
COOTBETCTBHE TpuMepHOH 0ouieit onunvt 1 GC-cocmasa. Jlonyctumo konedanune GC-
coctaBa B mpenenax 1%, Oomee cHIbHBIE OTJIWYUS MOTYT CBUIETEIHCTBOBATH O

KOHTaMHUHAIlMU CEKBEHUPOBAHHOTO 00pa3Iia.
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4. AHHOTaIUsI MPOKAPHOTHYECKOT0 reHoMa B nporpamme Prokka

Jlisi aHHOTAIMU TeHOMa Ha MaHenu WHCTpymMeHToB B pazaene GENOMICS
ANALYSIS naxmure Annotation u B BeimagatomieM crucke Beioepute Prokka (puc.
40).

B mone Contigs to annotate * BeiOepute pesyiasrar coopku reHoma SPAdeS on
data ... and data...: Contigs.

B mone Minimum contig size (--mincontiglen) BBemute 3Hauenune 500 st
(buIpTpaui KOHTUTOB (yajieHne KOHTUTOB 1iuHOM MeHee 500 1m.H.).

OcTtaBbTe OCTaJbHBIC HACTPOWKM MO yMOIMYaHWIO M Haxkmute P> Run Tool.
[Iporpecc BBITIOTHEHUS W PE3yJbTaThl aHHOTAIIMH B Pa3HBIX (opMaTax IMOSBATCS B
na”enu ucrtopuu (puc. 40).

A Workflow Visualize Data~ Help~ User~ T8 I A

.
J/ Prokka Prokaryotic genome annotation 17 & = A-

{Galaxy Veersion 1.14 6+galaxyl)

Using 8%

Tools M History + = =

search tools ¥

Tool Parameters

search datasets

1. Upload Data - Unnamed history ’
Contigs to annotate *
localization signals {NoLSS) in protein
S297GB = % &
sequences k] (] 17: SPAdes on data 12 and data 11: Contigs - ! = =
ORFipy a versatile ORF finder accepted formats + ¥
PfamScan search a FASTA sequence FASTA format 38 Prokka on data 17: log Lo |
against a library of Pfam HMM Locus tag prefix - otens
ey m— 29:Prokkaon data 17:txt @ / W
multiple genome alignments 25 Prokk data 17 osw
. \ : Prokka on data 17: err
Prokka Prokaryotic genome (—locustag)
annotation Locus tag counter increment - ceion= 27-Prokka on data 17:tsv =~ @ # W
Read It and Keep
. 26: Prokka on data 17:tbl. @ / W&
Red repeat masking _ i
(—increment)
RepeatMasker screen DNA 25: Prokka on data 17:fsa @ # &
sequences for interspersed repeats GFF version *
and low complexity regions 5 24: Prokka on data 17:sqn @ # &
RepeatModeler Model repetitive DNA
o (—gffver) 23 Prokka on data 17:fin @ # W
Roary the pangenome pipeline -
Quickly generate a core gene = T 22: Prokka on data 17: faa Lol |
alignment from gff3 files gece A
socru Calculate the order and Mo 21:Prokkaon data 17:fna @ / &
orientation of complete bacterial
E = @
genomes Equivalent to —addgenes —mincontiglen 288 --centre Prokka (or other centre AL T CHD AT s u
Spaln: align cDNA or Protein to specified below) (—compliant) B Emarr e 2 e e P
genome Maps and aligns a set of Add "gene’ features for each "CDS’ feature (—-addgenes)
cDMNA or protein sequences onto a . .
i @ No 18 Quastondata1Z:HTML @ # &
whole genomic sequence. report
TB Variant Filter M. tuberculosis contig size ( tiglen) - ortional
H37Rv VCF filter 500 17:SPAdes ondata 12andd @ / W
TB Variant Report - generate HTML OoUBEIED
report from SnpEff annctated M.tb NCBI needs 280 16: FastQC on data 1: RawD @ /#

Puc. 40. Prokka B maHnenum HHCTpYMEHTOB, HACTPOMKH BBITIOJIHEHUS, PE3YJIbTATHI
AHHOTALIMM B MAHEJIA UCTOPUN
Jia mpocMoTpa pe3ylnbTaToB aHHOTAMM Ha)KMUTE KHOIIKY <@ HalpoTUB

coorBercTBytommx (aiinoB. Kak Buano u3 puc. 40, Prokka BemBomuT 12 ¢aiinos ¢
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pesynapTaraMu B pa3HbIx (opmarax. (s manpHelmmedn paboThl HEOOXOAUM TOJBKO
dopmar ffn — Prokka on data...: ffn (puc. 41) — HyKJI€OTHIHBIC ITOCIEIOBATCIBHOCTH

BCeX aHHOTUPOBAHHBIX MocliefoBarenbHocTel B popmare FASTA.

This dataset is large and only the first megabyte is shown t
Show all | Save

»JBGHFDFE_eesal\putative protein
ATGETTAARACACATGINAATAGAAATTTTTGATGGT TATGCGACTGAATATGATCAGTGGE
TTTCT e CAATAAGCAGN TATTTCTRAGTGAACTAAAACT TTTAARATCTGTTTTAGAL
TTAGGETCAACAAAACATENC TTATCAATOGATTGTGRCAGCGEGTTATTTGAAGATALCC
CTCCACC GO AATATGRCCTELCACT TTTTRATGGTETTRAACCATCTACCGATATEGGLA
CAGATTGCAARAAAGCGRE AT TAAACGTTCRCGTTEGAAAAGCAGAAAGTATTAATCTG
LR AAGACAGTATGATACCATTTACTTTAATGGCAGC TCCAGTTATATTAAGGACTTA
TTGEECAGCTTATCAAAATTGTATCAAAGCACTCAAGTCCGECGGCCATTTTATTTTAATT
GACGTE CAARAGARAGTOGLTTATGRATTAATATATATGLTTGLCARAATTCAGGGRTAAT
TATCAATCARAAGAAT TR AAATGT TCTTCCGAAATAGLCATACCCAATTGAACTGGTT
GATTCTGCATACTEECATACCACCCTAGAAAAASAGCACCTTTTAGAARACGAGCTTCAG
CTACGACATTTAAGGT TCAAACAAACCTTGECAGCAAACCCACTCTACACASACGATAGT
AT T GAAGAACCTEAAGATEECTTTTCAAAGGATGGTTATETCGLAATAATTGILGAAAAA
CCTTAA

»JBGHFDFE_2eea2 Peptide methionine sulfoxide reductase Msra
ATGEAAGATACAGCAATTTTTGCCGGTEEGTETTTCTGGTETATGATTAAACCGTTTGAT
ACCATECCCaGTATTAATARAGTTAT TTCLGRATATACGEETGETCATGTAGCAAATICG
AGCTACGAACAGETTAGCAGCCATACAACGERACATACCRAGGICATTAAAATCAATTTT
GATCCAGATATTATTAGTTATAAGCAACTGETTCAAATTTATTGRCAGCAAACAGATCCA
ACAGATGCAATGERACARTTTCAGGATCGAGRAGATAACTATCGTCCAGTGATETTTGTG
AAAGATGAARCGCAACGAAAAATTGLGEAGGCTTCCAAAAAAGCTTTAGAGGARAACCGET
ATGETTTGEACCAGCCGATTATCACTCAAATTGAAGAGGCCAAACCCTTTTATCCAGCAGAA
GAGGAACATCAACAGTTTTATAAAAAGAATCCATTTCGETTCCARATGGAGGARGCTGET
GEACATEAAARATTTGTGAARAGAACACTGRCAGTCAAAACAAARATAA
»JBGHFDFE_@8e82 Peptide methionine sulfoxide reductase Msrg
ATGETTEAGAAAAAAGATTTAAAACATCGAT TAACACCAGAACAATATGCGGTTACCCAA
GAGECCGCTACGEAGGCACCCTTTAGTGGTCAATATGATCATTTTTATCAAGAGGGATATT
TATGETTGACGTCGTAAGTGETGAACCTTTGTTTTCATCTAAGGACAAATATGALGCTGEG
TeETERATGRCCATCATTTACCAAACCAATTGAGC AAACAAGTATTCATAAGAATTTGGRAT
ACTTCTCACAGRATEATTAGAGAGGAAGTTCAAAGTAATGATGLTCATTCTCATCTAGRG
CATETGTTTAELEATGEECCAAAAGAAGCAGRCGGLCAACGATATTGTATCAATTCCGEG
GOCTTEAAGTTCATTECCACAGACGAGCTTRAAGAGGCAGEATACGGTCAGTATAAALCA
ATGTTTAACTGA

Puc. 41. ®parment daiina B popmare ffn

41



5. OnpenesieHue TAKCOHOMHMH HCCJIEAYEMOI0 reHOMA
5.1. U3Bieuenue nocjegosareabnoctu 16S pPHK

JInst W3BICUCHHUS TIOCIIEAOBATEIILHOCTH M3 COOPAHHOTO M aHHOTHPOBAHHOTO
reHoMa OTKpolTe mpeanpocMoTp ¢aiima Prokka on data...: ffn, mraxxmure Show All
(puc. 41) u BBITIOTHUTE TOKMCK Ha cTpanuIiie (o ymoadanuto Ctrl+F) mo 3ampocy «16S
ribosomal RNA».

BriaenuTe U cCKOMMpyHTE HYKICOTUIHYIO MTOCIEI0BATEIHHOCTh TeHa B hopMare

FASTA (puc. 42).

= Galaxy 165 ribosomal RNA| 1/3 ~A v Y X I
rF.

Tools A ATTAACAGTTATGATCTTGCACAGTTTCAGAAAGTACCATTTATGATCCATGCAGCCGEA
TTAARGGGTEGTATTCGACAGACGTACGELGEAGARATTGATGTTTTACCGACTCTGLTG
CATTTGCTGEGTATTAAAGAT AAC AATACCATTCAGTTCGEGACAGACCTTTTGTCCAAA
CAGCATGATCAACGCATGRCTTTTAGAGATGETGACTTTGTTACACCTAAATATACGAAA
GTEGGECAGTACGETCTATTTAACCAGATCAGETAAAGAAATCACGCCAAATGCAACTCAG
ARAARGCAAATTGCCAATATCCAARATCATGTCACAACGGAATTATCGTTGTCTGATCGT
GTCATTTATGGCGATTTGTTACGTTTTTACACGCCTAAGGEATTCCAGAAGGTTAATCGA
ARAGACTTTACGTATCAATATGCCAAGGGAATGGATAACCTTAAGAAGGCCCAAGAGGAA

FY CACCCAACGAGTATTGAGGCAAAGAATAATGECAAGTCTACGATGRACCTGTATAAGACT T
GATGCACCCGAGLTARAATAG

search tools ¥ x

X Upload Data
against a library of Plam HMM

rogressiveMauve constructs . .
progi »JBGHFDFE_@08478 165 ribosomal RMA (partial)

multiple genome alignments ATGAGAGTTTGATCCTGGCTCAGGACGAACGC TGACGGCGTGCC TAATACATGCAAGTCE
AACGCGTCTTGGTCAATGAAGTTGAGTGCTTGCATTTAACTGATTTGACATTAAGACGAG

Prokka Prokaryotic genome TGGCGAACTGGTGAGT AACACGTGGETAACTTECCCCGAAGC GEGAGAT AMCATTTGGAA

annotation ACAGGTGCTAATACCGCATAACAACAAAAACCACATGGTTTTTGTTTAAAAGATGGTTTC
GGCTATCACTTTGGGATGGACCCGCGGCGTAT TAGCTAGT TGET GAGGT AATGECTCACT
Read It and Keep AAGGCAATGATACGTAGCCGACCTGAGAGGETAATCGGCCACAT TAGGACTGAGACACGG
CCCAMACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCACAATGGACGAAAGTCTGATGG
Red repeat masking AGCAACGCCECGT
»JBGHFDFB_8471 Regulatory protein Spx
RepeatMasker screen DNA sequences ATGTTGAACTTATATGTTGCTCCAAGTAGTGCTTCCAGTCGTAAAGC TCGTAAATGGCTC
for interspersed repeats and low GTTGATCATGGGAT TGAATTTAAAGAACGTAACATTTCAAGAATCCCGT TARACGCTGAT

GAAATTAAACGGATCCTGCGATTAACCGAGAACGATAGTGAAGATATTATTTCAACCCGT
TCAARTGCTTTCCAARAACTACACGTCGATTTAGATAATTTAACTGTATCACAATTAATC
P e AR b Bl el o b Tk an PYRTA GATTTAATGGET TARACATCCTGATTTAATTAGACGTCCATTAATCTTTAATGATGAACAG

complexity regions

Puc. 42. Tlouck nocnenosarenbHocTe 16S ribosomal RNA

BcTaBbTe M cOXpaHHTE MOCIEA0BATEIIHHOCTD B TEKCTOBBIN (DAl Ha KOMITBIOTEPE

(puc. 43).

_ | *BesbimaHHbIA — BaokHOT — O x

®ann [llpaska Q@opmat Bua Cnpaska

>JBGHFDFB_00470 16s ribosomal RNA (partial)
ATGAGAGTTTGATCCTGGCTCAGGACGAACGCTGGCGGCGTGCCTAATACATGCAAGTCG
AACGCGTCTTGGTCAATGAAGT TGAGTGCTTGCATTTAACTGATTTGACATTAAGACGAG
TGGCGAACTGGTGAGTAACACGTGGGTAACTTGCCCCGAAGCGGGGGATAACATTTGGAA
ACAGGTGCTAATACCGCATAACAACAAAAACCACATGGTTTTTGTTTAAAAGATGGTTTC
GGCTATCACTTTGGGATGGACCCGCGGCGTATTAGCTAGTTGGTGAGGTAATGGCTCACC
AAGGCAATGATACGTAGCCGACCTGAGAGGGTAATCGGCCACATTGGGACTGAGACACGG
CCCAAACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCACAATGGACGAAAGTCTGATGG
AGCAACGCCGCGT

Puc. 43. Co3nanue u coxpaHeHHe TEKCTOBOTO (haiia
¢ mocyeaoBaresbHoCThI0 16S pPHK
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Ecnu B reHoMe 0OHapykeHO HECKOJIbKO mocienoBareiabHoctent 16S pPHK (puc.
42), T0 KpaiiHe BepOsITHa KOHTaMHHAIHA. B TakoMm ciiydae HE0OXOIUMO IMPOBECTH
UACHTH(HUKALIMIO KAMKAOH 13 mocienoBaTenbuocteit 16S pPHK B nporpamme blastn,

H, CCJIM OHMW IIPUHAAJICIKAT PA3HbIM BHUAaM, IIPOBCCTH PA3ACIICHUC MCTAar¢HoMa.

5.2. OnpeneieHue TAKCOHOMHUM 1O MocjaeaoBareabHocTu 16S pPHK

B mporpamme blastn

[Mporpamma blastn Bxirouena B HaOop wuHCTpyMeHToB Galaxy, omgHako
ucrnonb3yemble 0a3pl  nmaHHBIX (Nt 17-Apr-2014) cunbHO ycTapenu, MO3TOMY
MpeINoYTHTENIbHES HCIob3oBanne nHcTpymeHTa blastn (puc. 44) na caiite NCBI

(https://blast.ncbi.nlm.nih.gov/Blast.cgi) [5].

BLAST @ » blastn suite Home RecentResults Saved Strategies Help

Standard Nucleotide BLAST

blastp blastx tblastn thlastx

ELASTN programs search nucleotid using a nucleotide query. more. ..
Bookmark
T = -
Enter accession number(s), gi(s), or FASTA sequence(s) @ ciear Query subrange @
=JBEGHFDFE_04708 165 ribosomal RMA (partial) - From l:l
TGATACGTAGCCGACCTGAGAGGGTAATCGGCCACATTGGGACTGAGA
CACGGCCCAMAC
TCCTACGGRAGGCAGCAGTAGGBAATCTTCCACAATGGACGARAGTCT 4 To
LTI He swi6paH i 0auH aiin @
Job Title [ JBGHFDFE_04708 165 ribosomal RNA (partial) |
Enter a descriptive fifle for your BLAST search 2]
[ Align two or more sequences @
Choose Search.Sat
Database @) Standard databases (nr etc.)] O rRNAATS databases () Genomiic + transcript databases () Betacoronavirus

& experimental databases < Try experimental taxonomic nt databases

For more info see What are taxonomic nt databases?

I Nucleotide collection (nr/nt) hd |9|
Organism

Tt [ | exclude (TAdd organism )

Enter organism commeon name, binomial, or tax id. Cnly 20 top fzca will be shown e

Exclude ["] Models (XMXP)[_| Uncultured/environmental sample sequences

Optional

Limit to [ Sequences from type material

Optional

Entrez Query [ | YoullB Create custom database
Optional Enter an Entrez query fo limit search @

Program Selection

Optimize for
! More dissimilar sequences (discontiguous megablast)
' Somewhat similar sequences (blastn)
Choose a BLAST algorithm @ .
=3
2
BLAST Search database nt using Megablast (Optimize for highly similar sequences) E
Show results in a new window m

= Algorithm parameters

4

Puc. 44. Hacrpotika BeimonHerus blastn
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Bcrasbre onny nocnenoBarensnocts 16S pPHK B mone Enter Query Sequence,
Be1OepuTe Nucleotide collection nr/nt B monme Database, Beioepure Highly similar
sequences (megablast) B moire Program Selection u naxxmute Ha kHOnky BLAST.
Hwxe npuBeieHbI OMyYeHHbBIE pe3ynnbTarhl (puc. 45)

HOBTOpI/ITG JJIs1 OCTaJIBHBIX HOCJIGIIOB&TGJILHOCTefI (GCJ'II/I OHH GCTB).

BLAST @ » blastn suite » results for RID-ZXT5GGKK016 Home RecentResults Saved Strategies Help

Save Search Search Summary v @ How to read this report? @8 BLAST Help videos 'DBack to Traditional Results Page

Job Title JBGHFDFB_00470 16S ribosomal RNA (partial) Filter Results

RID ZATS5GGKKOD16 Search expires on 03-24 2218 pm Download All v -

Program BLASTN®  Citation v Organism _onlytep 20 vl zpocer [ ] exclude

Database Nt See details v ‘ Type common name, binomial, taxid or group name ‘
+ Add organism

Query ID IcljQuery_3386961

Description JBGHFDFB_00470 16S ribosomal RNA (partial) Percent Identity E value Query Coverage

Molecule type  dna ‘ ‘to ‘ ‘ ‘ ‘to ‘ ‘ ‘ ‘ to ‘ ‘

Query Length 433

Other reports Distance tree of results MSA viewer @ m
Graphic Summary Alignments Taxonomy

Sequences producing significant alignments Download ~  Select columns ~ Show e
select all 100 sequences selected GenBank Graphics Distance tree of results ~ MSA Viewer
- _— Max | Total Query E Per.
Description Scientific Name Score Score Cover value Ident Acc. Len Accession
-

Lentilactobacillus hilgardi strain LMG 07934 chromosome, complete genome Lentilactobacillus hilgardii 800 4003 100% 0.0 100.00% 2771863 CPD50262 1
Lentilactobacillug hilgardii strain FLUB chromosome, complete genome Lentilactobacillus hilgardii 800 4003 100% 0.0 100.00% 3071102 CPD47T121.1
Lentilactobacillus hilgardii strain LH500 chromosome, complete genome Lentilactobacillus hilgardii 800 3970 100% 0.0 100.00% 2654177 CP044119.1
Lactobacillus hilgardii sirain M3-4 165 ribosomal RMA gene, pariial sequence Lentilactobacillus hilgardii 797 797  99% 0.0  100.00% 1540 KF030792.1

Puc. 45. Pe3ynbrarsl moncka blastn romonmornyseix mociaeaoBaTeabHOCTER K

JBGHFDFB 00470 16S ribosomal RNA

Kak BuaHo u3 puc. 45, nocnenoBareibHOCTh Mo TeHy 16S pPHK tpu
E-value=0.0 (BepositHOCTH ommOKkM paBHa HymT0) co 100% coBmageHueM
HYKJICOTHAHBIX TochenoBarenbHocTerr  (Per Ident) cooTBeTcTBYeT H3BECTHOIM
HYKJICOTHIHOM mocienoBareabHoct 16S pPHK Lentilactibacillus hilgardii 8 B/I
GenBank. Takum 00pa3oM, CeKBEHHPOBaHHAs MOCJICIOBATCILHOCTh OTHOCHUTCS K
Lentilactibacillus hilgardii. [{ns u3snedenus Taxonomy ID Ha)kMHUTE CCBIIKY B IMOJIE
Accession, 4TtoObl NEpedTH K aHHOTAI[MM H3BECTHOH mociemnoBaTeIbHOCTH B B/l
GenBank (puc. 45). Taxonomy ID npuseneno B mone /db_xref="taxon:1588" (puc.
46).
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GenBank « Send to: «

Lentilactobacillus hilgardii strain LMG 07934 chromosome, complete genome

GenBank: CP050262.1
FASTA  Graphics

Go to: [+

LOCUS CPASa262 2771862 bp DHA circular BCT 29-MAR-2828

DEFINITION Lentilactobacillus hilgardil strain LMG 87924 chromosome, complete
genome.

ACCESSION  CPOS@8262

VERSION CPASA2E2.1

DBLIMK BioProject: PRINAGEIE44
Biosample: SAMM1AZ627324

KEYWORDS .

SOURCE Lentilactobacillus hilgardii

ORGANISM Lentilactebacillus hilgardii
Bacteria; Bacillota; Bacilli; Lactobacillales; Lactobacillaceae;
Lentilactobacillus.

REFERENCE 1 (bases 1 to 2771862)

AUTHORS  Zhuravleva,D.E., Iskhakova,Z.I., Ozhegov,G.D., Angelov,A.,
Engerer,C., kKhusnutdinova,D.R., Gogoleva,N.E., Forchhammer,k. and
Kayumov,A.R.

TITLE The whole genome of Lactobacillus brevis subsp. gravesensis ATCC
27385

JOURNAL  Unpublished

REFERENCE 2 (bases 1 to 27718&62)

AUTHORS  Zhuravleva,D.E., Iskhakova,Z.I., Ozhegov,G.D., Angelov,A.,
Engerer,C., kKhusnutdinova,D.R., Gogoleva,N.E., Ferchhammer,k. and
Kayumov,A.R.

TITLE Direct submission

JOURNAL  Submitted (19-MAR-2628) Institute of Fundamental medicine and
Biolegy, Department of Gemetics, Kazan Federal University,
Kremlycvskaya St, 18, Kazan 228828, Russia

COMMENT ##Genome -Assembly -Data-START##
Aszembly Date 11 13-JAN-2828
Assembly Method 13 Unicycler v. @.4.8-beta
Gencme Representatiom :: Full
Expected Final Version :: Yes
Genome Coverage 11 o28l.8x
Sequencing Technology :: Illumina MiSeq; Oxford Nancpore MiniION
##aenome -Assembly -Data-ENDE#

FEATURES Location/Qualifiers

source 1..2771862

forganism="Lentilactebacillus hilgardii®

/mol_type="genomic DNA"

fstrain="LMG @7334"

fisolation_source="Fermented beverages, wine"
z ecti oG 87934 "

Scl_10C_fd d
Jcollection date="19&7"

gene 58..1418
/eene="dnas"
flocus_tag="G8122_sopal”

tos 52..141@

/eene="dnas"

Puc. 46. AuHoTanus u3BeCTHOM HYKJICOTHIHOM mocienoBaTenbHoctu 16S pPHK

Lentilactibacillus hilgardii B GenBank
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6. AHHOTanus reHoma B nporpamme RAST

RAST (https://rast.nmpdr.org/) — Rapid Annotation using Subsystem

Technology — nporpamma Jijist aHHOTAIIMH T€HOMA.

Jist pabotel B mporpamme RAST HeoOxoanmo ckadars daiin SPAdes on data...
and data...: Contigs u3z Galaxy (puc. 47). Haxxmurte Ha Ha3Banue (aiiia B maHEIH
YCTOPUM, YTOOBI OTKPHITHL MeHIo. Haxkmure knonky @, uTobbl 3arpy3uth Qaiin Ha
KOMITBIOTED.

17:SPAdes ondataiZandda @ # W
ta 11: Contigs

Add Tags @
656 sequences

format fasta, database 7

== Waming == No assembly mode =~
was specified! If you intend to R
41 G 2

[B]l¢ @ ¢ w = 2

*MODE_1_length_248918 cov_47.775582
ATTTAATCCGGTCTTTTCGATCCATAATATTAACAALCTCCCGTT
CTTGTTAAAAACTAACTGTCGATGTTT TAAGCCTTTATACTATT

GAATTCGCTTTCTTITOGGCCATT TCAGTTGAAAATTTCCTTAA

— ACGTCAAAATATTAATGCAAATGTGCCTAATCTAGCATTATALT
17:SPAdes ondata12andda @ # W
ta 11: Contigs 4 G 4

Puc. 47. Ckaunanue (aiina SPAdes on data... and data...: Contigs

u3 Galaxy

Ortkpoiite miaBayro crpanuiny RAST u maxmure » Upload a new genome
(puc. 48).
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https://rast.nmpdr.org/

R AS Rapid Annotation using
Subsystem Technology

The NMPDR, SEED-based, prokaryotic genome annotation service.
For more information about The SEED please visit th ED.org.

Info: RAST Access Problems

Click here for instructions on how to resolve several of the most common problems accessing RAST or your RAST data.

Comand-Line API "301 Permanently Moved" Errors

Click here for instructions on how to resolve "301 Permanently Moved” errors when using the RAST batch command-line interface.

To monitor RAST's load and view other news and statistics for RAST and the SEED, please visit "The Daily SEED."

As of Fri Mar 22 02:50:03 2024, there are 21 jobs in the RAST queue
Job Load is Moderate

Jobs Overview

The overview below list all genomes currently processed and the progress on the annotation. To get a more detailed report on an annotati
In case of questions or problems using this service, please contact: rast@mcs.anl.gov.
Progress bar color key:
not started
M queued for computation
in progress
I requires user input

failed with an error
successfully completed

Jobs you have access to :

You currently have no jobs.

Puc. 48. I'maBnas crpanuma RAST
Bribepure 3arpyxennsiii u3 Galaxy d¢aiin SPAdes on data... and data...:
Contigs B mone Sequences File u naxxmute Use this data and go to step 2 (puc. 49).

R AST Rapid Annotation using
Subsystem Technology

The NMPDR, SEED-based, prokaryotic genome annotation service.
For more information about The SEED please visit H ED.org.

Upload a Genome

Please note: This service is not a BLAST-like service, It is designed to annotate complete or nearly complete (=97%) assembled prokaryotic genomes, and complete phages o1
It cannot analyze eukaryotes, small fragments of genomes, unassembled reads, or metagenomes,

You may upload a prokaryotic genome in one or more contigs, as either a single multitrecord FASTA format file or a Genbank format file.

Qur pipeline will use the taxonomy identifier as a handle for the genome. Therefore if at all possible please input the numeric taxonomy identifier, and genus, species and strain
Please note that RAST will only provide you with its most complete analysis, including Subsystems, Metabolic Reconstruction and Scenarios, if you submit all relevant contigs fre

If you wish to upload multiple genomes at once, you may be interested in using the batch upload interface that is available in the myRAST distribution. See this tutorial for mon

Confidentiality information: Data entered into the server will not be used for any purposes or in fact integrated into the main SEED environment, it will remain on this server
If you use the results of this annotation in your work, please cite:

= The RAST Server: Rapid Annotations using Subsystems Technology.

Aziz RK, Bartels D, Best AA, Delongh M, Disz T, Edwards RA, Formsma K, Gerdes 5, Glass EM, Kubal M, Meyer F, Olsen GJ, Olson R, Osterman AL, Overbeek RA, McNeil L
BMC Genomics, 2008, [ PubMed entry ]

The SEED and the Rapid Annotation of microbial genomes using Subsystems Technology (RAST).

Overbeek R, Olson R, Pusch GD, Olsen GJ, Davis 11, Disz T, Edwards RA, Gerdes S, Parrello B, Shukla M, Vonstein V, Wattam AR, Xia F, Stevens R.

Nucleic Acids Res. 2014 [ PubMed entry ]

RASTtk: A modular and extensible implementation of the RAST algorithm for building custom annotation pipelines and annotating batches of genomes.

Brettin T, Davis 11, Disz T, Edwards RA, Gerdes 5, Olsen GJ, Olson R, Overbeek R, Parrello B, Pusch GD, Shukla M, Thomason JA, Stevens R, Vonstein V, Wattam AR, Xia F
Sci Rep., 2015, [ PubMed entry ]

File formats: You can either use FASTA or Genbank format.

= If in doubt about FASTA, this service allows conversion into FASTA format.
= Due to limits on identifier sizes imposed by some of the third-party bicinformatics tools that RAST uses, we limit the size of contig identifiers to 70 characters or fewer.
= If you use GenBank, you have the option of preserving the original GenBank gene calls in the options block below. By default, genes will be recalled.

File Upload:

Sequences File

I |U5elh'sda|aandguluslep2\|

Puc. 49. Pabora ¢ RAST, mar 1 — 3arpy3ka reaoma
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Beeaure NCBI Taxonomy ID opranm3ma (B Hamem mnpumepe — 1588) u
Haxxmure Ha kHotky Fill in form based on NCBI taxonomy-1D niist aBroMaTiudeckoro
3anojHeHus aanHbix. Haxkmure Use this data and go to step 3 (puc. 50).

B mone Choose RAST annotation scheme Beioepure Classic Rast. Bxurounte

dnaxoxk Compute similarities?. OctaBbTe OCTalbHBIC MTAPAMETPHI 10 YMOTYAHUIO H

Hakmute kHOKy Finish the upload (puc. 51).

R AS Rapid Annotation using
Subsystem Technology

The NMPDR, SEED-based, prokaryotic genome annotation service.
For more information about The SEED please visit theSEED.org.

»Home | »Your Jobs  »Tutorials | »Help

Upload a Genome

Review genome data
We have analyzed your upload and have computed the following information.

Contig statistics

Statistic As uploaded After splitting into scaffolds
Seguence size 5060818 5060818

Number of contigs 856 856

GC content (3%) 41.8 41.8

Shortest contig size 128 128

Median sequence size 1510 1510

Mean sequence size 5912.2 5912.2

Longest contig size 240910 240910

M50 value 52948 52948

L50 value 26 26

Please enter or verify the following information about this organism:

RAST bases its genome identifiers on NCBI taxonomy-IDs.

If you provide a valid taxonomy-ID, RAST will attempt to fill in the genome metadata for you.

If you leave the taxonomy-ID field blank, RAST will assign a meaningless taxonomy-ID, and you will need to fill in the b
If you plan on submitting this genome to PATRIC you will need to provide the most descriptive NCBI taxonomic groupim
process for submitting your genome to PATRIC in this document.

s You may search for the taxonomy-ID of your organism using the search facilities at the NCBI taxonomy browser.

Genome information:

Taxonomy ID:  [1588 | Fill in form based on NCBI taxonomy-ID. |
Tm_(on.omy Bacteria; Terrabacteria group; Bacillota; Bacilli; Lactobacillales;
string: Lactobacillaceae; Lentilactobacillus; Lentilactobacillus hilgardii
-
Doemain: ® Bacteria O Archaea O viruses
Genus: [Lentilactobacillus |
Species: [hilgardii |
Strain: | |
Genetic Code: @ 11 (Archaea, most Bacteria, most Virii, and some Mitochondria)
() 4 (Mycoplasmaea, Spiroplasmaea, Ureoplasmaea, and Fungal Mitochondria)
| Use this data and go to step 3 |

Puc. 50. Pabora ¢ RAST, mar 2 — nanHbie 00 OpraHu3mMe
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R AS Rapid Annotation using
Subsystem Technology

The NMPDR, SEED-based, prokaryotic genome annotation service.
For more information about The SEED please visit theSEED.org,.

»Home  »Your Jobs  »Tutorials »Help

Upload a Gehome

Complete Upload

Please consider the following options for the RAST annotation pipeline:

RAST Annotation Settings:

Choose RAST annotation schel Choose "RASTEL" for the current modular customizable production RAST pipeline, or "Classic RAST" for the old pipeline.
Select gene caller [RAST ] Please select which type of gene calling you would like RAST to perform. Note that using GLIMMER-3 will dissble autom:
Select FIGfam version for this run Choose the version of FIGfams to be used to process this genome.

Automatically fix errors? Yes The automatic annotation process may run into problems, such as gene candidates overlapping RNAs, or genes embedd

Fix frameshifts? L If you wish for the pipeline to fix frameshifts, check this option. Otherwise frameshifts will not be corrected.
Build metabolic model? If you wish RAST to build 3 metabolic model for this genome, checi this aption.

Backfill gaps? If you wish for the pipeline to blast large gaps for missing genes, check this option.

Compute similaritiess? Yes If you wish to compute similarities for the SeedViewer compare regions display, check this box.
T Yes If you wish debug statements to be printed for this job, check this box.
Set verbose level |[] Set this to the verbosity level of choice for error messages.
Disable replication O Yes Even if this job is identical to a previous job, run it from scratch.
Finish the upload

Puc. 51. Pa6ora ¢ RAST, mar 3 — HacTpoiika BBIIOJIHEHUS

Jlss mpocMoOTpa aHHOTMPOBAHHOTO TeHOMa HaxxmuTe » Browse annotated
genome in SEED Viewer Ha ctpanuiie pe3yiasratoB RAST (puc. 52).

Ha crpanune pesynbsratoB RAST mpencraBieHbl CTaTUCTUYECKHAE TaHHBIE 10
reHOMY — O0lee KOJIMYECTBO KOAMPYIOIIUX MOCien0BaTeIbHOCTe OeykoB (4989),
KOJIMYECTBO TeHOMHBIX nocienoBatenbHocTet PHK (108). Ha xpyroBoit quarpamme
MPECTABICHO pacrpeneneHue UJCHTUPUIUPOBAHHBIX KOJIUPYIOITUX
MOCJIEI0BATEIbHOCTEM OCIKOB 110 META0OIMYeCKUM rpymmam (puc. 53).

ITo cceuike View closest neighbors moxHO moNMyunTh HHGOPMAIHIO O
OMM3KOpOJCTBEHHBIX BUaX (puc. 54). Kak BumHO U3 puc. 54, kKak OJU3KOPOICTBEHHBIC
K CEKBCHHPOBAHHOMY T'€HOMY OTMeuYeHbl 29 BUAOB, OOJNBIIMHCTBO U3 KOTOPBIX
oTHOCATCA K ToMy ke pomy Lactiplantibacillus. Haubonee Onmskue BuIbI -
Lactobacillus brevis subsp. gravesensis ATCC 27305, Lactobacillus buchneri ATCC
11577 u Lactobacillus hilgardii ATCC 8290.
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Rapid Annotation using
Subsystem Technology

The NMPDR, SEED-based, prokaryotic genome annotation service.
For more information about The SEED please visit theSEED.org.

Job Details #1420836

» Browse annotated genome in SEED Viewer

» Awvailable downloads for this job: | Spreadsheet (tab-separated text format) v | Download | Update download files |

» Share this genome with selected usars

# View Close Strains for this job

#» Back to the Jobs Overview

Ef Genome Upload has been successfully completed.

Genome ID - Name: 1588.116 - Lentilactobacillus hilgardii
Job: #1420836

User: SverdrupAE

Date: Fri Mar 22 06:00:23 2024

Genetic code: 11

Annotation scheme: ClassicRAST

Preserve gene calls: no

Automatically fix errors: ves

Fix frameshifts: no

Backfill gaps: yes

v’ Rapid Propagation has been successfully completad.

W Quality Check has been successfully completed.

For detailed explanations of the terms used in ouwr gquality report, please refer to our wiki.

Mumber of features: 3037
Mumber of warnings: 1

Mumber of fatal problems: 0
Convergent overlaps: 1 Warning

W Quality Revision has been successfully completed.
Mo quality revision was necessary.

V Similarity Computation has been successfully completed.
W Bidirectional Best Hit Computation has been successfully completed.
v’ Auto Assignment has been successfully completed.

v‘f Computation of Pairs of Close Homologs has been successfully completed.

Puc. 52. Crpanuna pesyiasratoB RAST
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Welcome to the SEED Viewer - a read-only browser of the curated SEED data.

For more information about The SEED please visit theSEED.org.

»Navigate »Organism  »Comparative Tools | »Help

Organism Overview for Lentilactobacillus hilgardii (1588.116)

Genome Lentilactobacillus hilgardii (Taxonomy ID: 1588) For each genome we offer a wide set of information to browse, com
D i Bacteria
omain . . - . Browse | Compare | Download |Annotate |
Taxonomy Bacteria; Terrabacteria group; Bamllot_a; Bamllli
tacli::n_JlbaFILale_Tl; Lahc_:obz;:_l_l!alf:eaﬁ I“:tenﬁlla.(i:mbahﬁ'“usé.. Browse through the features of Lentilactobacillus
?n masionaci s ngargl Lentiactobaatius hiigardi hilgardii both graphically and through a table.
Neighbors View closest neighbors Both allow quick nawvigation and filtering for
Size 5 060 818 features of your interest. Each feature is linked to
! ‘ its own detail page.
GC Content 41.8
NSO 53948 Click here to get to the Genome Browser
L50 26
Number of Contigs (with 856
PEGs)
Number of Subsystems 325
Number of Coding 4989
Sequences
Number of RNAs 108

Subsystem Information

Subsystem Statistics | Features in Subsystems

Subsystem Coverage Subsystem Category Distribution Subsystem Feature Counts
@ W Mucleosides and Nucleotides (189)

@ W Phosphorus Metabolism (86)

@ W Metabolism of Aromatic Compounds (11)
@ W Phages, Prophages, Transposable elements, Plasmids (38)
@ W Regulation and Cell signaling (64)

= Dormancy and Sporulation (10)

@ W Membrane Transport (113)

@ W Cell wWall and Capsule {204)

@ M Virulence, Disease and Defense (102)

@  Motility and Chemotaxis (0)

@ W Photosynthesis {0)

@ W Carbohydrates (471)

@ W Secondary Metabolism (8)

@ | Respiration {28)

@ W RMNA Metabolism (152)

= Amino Acids and Derivatives (548)

@ | Stress Response (97)

@ M Iron acguisition and metabolism (0)

@ W Cell Division and Cell Cycle (73)

@ W Miscellaneous (47)

@ W Protein Metabolism (383)

@ MW DNA Metabolism (234)

@  Mitrogen Metabolism (8)

@  Potassium metabolism (9)

= Cofactors, Vitamins, Prosthetic Groups, Pigments (237)
=

=

Fatty Acids, Lipids, and Isoprencids (144)
Sulfur Metabolism (14)

Puc. 53. IIpocmoTp pe3ynpTaToB aHHOTAIMH
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The SEED Viewer

Welcome to the SEED Viewer - a read-only browser of the curated SEED data.
For more information about The SEED please wisit theSEED.org.

»Navigate  =»O0Organism | *»Comparative Tools =Help

Closest neighbors of Lentilactobacillus hilgardii (1588.116)

| export to file | [ clear all fitters |

display items per page

displaying 1 - 29 of 29

pmie 10 Ore O

525310.3 541 Lactobacillus brevis subsp. gravesensis ATCC 27205
5325318.3 541 Lactobacillus buchneri ATCC 11577

525327.3 529 Lactobacillus hilgardii ATCC 8230

511437.3 26E Lactobacillus buchneri NRREL B-30929

797515.3 367 Lactobacillus parafarraginis FO439

1071400.3 328 Lactobacillus buchneri CD034

387344.13 321 Lactobacillus brevis ATCC 367

387344.15 312 Lactobacillus brevis ATCC 367

1225281.3 280 Pediococcus lolii NGRI 05100

563194.2 270 Pediococcus acidilactici 7_4

B62514.3 262 Pediococcus acidilactici DEM 20284

1080265.4 241 Pediococcus acidilactici MA18/5M

10326177.2 224 Lactobacillus plantarum subsp. plantarum HC8
1136177.4 213 Lactobacillus pentosus KCAL

220668.1 208 Lactobacillus plantarum WCFS1

1133596.3 208 Pediococcus pentosaceus 1E-3

278197.10 201 Pediococcus pentosaceus ATCC 25745

525338.2 201 Lactobacillus plantarum subsp. plantarum ATCC 14917
220668.9 200 Lactobacillus plantarum WCFS1

E44042.3 197 Lactobacillus plantarum 1DM1

278197.12 193 Pediococcus pentosaceus ATCOC 25745

8835932.4 185 Lactobacillus plantarum subsp. plantarum ST-I11
523366.3 162 Lactobacillus vaginalis ATCC 49540

325362.3 148 Lactobacillus ruminis ATCC 25644

525364.3 145 Lactobacillus salivarius ATCC 11741

362948.14 142 Lactobacillus salivarius UCC118

1040964.3 141 Lactobacillus ruminis SPM0211

299033.6 135 Lactobacillus reuteri F275

349123.6 133 Lactobacillus reuteri 100-232

displaying 1 - 29 of 29

Puc. 54. Cnucok OnM3KOpOACTBEHHBIX BUIOB
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7. 3akJa0ueHue

B nanHOM y4eOHO-METOAMYECKOM MOCOOMU MPUBENEH CTAHAAPTHBIN MPOTOKOJ
COOPKM U aHHOTAL[UHU IPOKAPHUOTUYECKOTO FeHOMa, CeKBeHHMpoBaHHOTO MeTojioM NGS,
C UCTONB30BaHnEM BeO-cepBuca Galaxy.

JlaHHBI TPOTOKOJ BKIJIIOYAET B ce0sl MEPBUYHYIO OLIEHKY KauecTBa pHUIOB
(Bu3yanbHas OLIEHKa MOJIydeHHbIX TpadukoB B mporpamme FastQC), mposeneHue
TpUMMHHTa (ynajleHHuEe OIIMOOK CEKBEHHWPOBaHUA, (UIbTpanus pPHAOB HU3KOTO
KauecTBa, oOpe3Ka aJanTepoB), MOBTOPHYIO OIIEHKY KadecTBa IOCJE TPUMMUHIA,
cOOpKy TIeHOMa C HCIOIb30BaHMEM Mporpammel-cOopmuka SPAdes, KOHTpoJib
KauecTBa COOPKH TMOJYYEHHOTO TeHOMa, aHHOTAIMIO TeHoMa B mporpammax Prokka u
RAST.

OnucaHHBIN NPOTOKOJI YHUBEPCAIEH U MOKET OBITh UCIIOJIb30BaH ISl COOPKU U

AHHOTaIUHU SKCIICPUMCHTAJIbHO CCKBCHUPOBAHHBIX TCHOMOB JTFOOBIX BHIOB IIPOKApPHOT.
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9. CMCOK 3JIEKTPOHHBIX HCTOYHHKOB

o Next-Generation Sequencing: Principles, Applications, & Advantages

https://www.excedr.com/blog/next-generation-sequencing-101
e Galaxy — https://www.galaxy.org/
e Get Galaxy — https://galaxyproject.org/admin/get-galaxy/
e Galaxy Australia Training: Assembly using Spades https://galaxy-au-
training.github.io/tutorials/modules/spades/
e Galaxy Training!: An Introduction to Genome Assembly
https://training.galaxyproject.org/training-
material/topics/assembly/tutorials/general-introduction/tutorial.html
e PykoBozacTBo no nporpamme FastQC 0.12.0
https://www.bioinformatics.babraham.ac.uk/projects/fastqc/ .

e Jlokymenrarus lllumina — Adapter and Kmer Sequence Files —
https://support.illumina.com/content/dam/illumina-
support/help/lllumina DRAGEN_Bio_IT Platform _v3 7 1000000141465/Content/
SW/Informatics/Dragen/FastQC_Adapter Kmer files fDG.htm

e QUAST 5.2.0 manual — https://quast.sourceforge.net/docs/manual.html#sec3.2

e RAST: Rapid Annotation using Subsystem Technology — https://rast.nmpdr.org/

e BLAST:. Basic Local Alignment Search Tool / National Center for

Biotechnology information (NCBI) — https://blast.ncbi.nlm.nih.gov/Blast.cqi

e CmnpaBounas unpopmarnus BLAST: https://blast.ncbi.nlm.nih.gov/doc/blast-

help/
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A.9. CBEPIPVYII, JI.JI. ®POJIOBA, U.1. 3AJIOPUHA

CBOPKA U AHHOTAIIUA ITPOKAPUOTHYECKOI'O 'EHOMA
C UCITIOJIB30BAHUEM WEB-CEPBUCA GALAXY

VYyebHOo-MeToANYECKOE TOCOOHE MO JUCHUTUIUHE
«b1.B.04 CremnmpakTiukyM 10 MPUKIAJHBIM METOaM B OUOJIOTHM

06.03.01 buonorus (0akanaBp)
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