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Ross er al. Genome Biology 2013, 14:R51
http://genomebiology.com/2013/14/5/R51

Genome Biology

RESEARCH

Characterizing and measuring bias in

sequence data

Open Access

Michael G Ross , Carsten Russ, Maura Costello, Andrew Hollinger, Niall J Lennon, Ryan Hegarty, Chad Nusbaum

and David B Jaffe
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Figure 2 GC-bias plots for three microbial genomes. Top: plots showing the relative coverage GC-bias for lllumina MiSeq, lon Torrent PGM,
and Pacific Biosciences RS on the P. falciparum (19% GC), £ colf (51%), and R. sphaeroides {69%) genormes (Table 2, data sets 1 to 9). Unbiased
coverage would be represented by a horizontal line at a relative coverage = 1 (black dashed line). Relative coverage is only plotted for GC

L percentages for which there are at least 1,000 100-base windows in the genorme. Bottom: the GC composition distribution of each genome.




[MTapHblie pparmeHTbl - SSPACE

* [lo3BonsieT YA/IMHATb U COEAUNHATD
(ckadpPonAMHI) KOHTUTM HQ OCHOBE OAHOMN U
bonee 6MBNNOTEK NAPHbIX PUAOB

APPLICATIONS NOTE i iniiom St

Genome analysis Advance Access oublication Decembar 12, 2010

Scaffolding pre-assembled contigs using SSPACE
Marten Boatzar!-2, Christizan V. Herkel®, Hans J. Jansen®, Darek Butler’

and Walter Pirovanc!*
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SSPACE algorithm

[ Contigs [ Paired-read data ]

~

Filter non-
ACTG reads

Extend contigs
(optional)

Map reads on contigs
and filter dupllcates

Pair contigs ]

Next paired-
read library

Scaffold contigs

—




SSPACE algorithm

* BepoATHble Napbl KOHTUIOB ONPEAENATCA HAa OCHOBE KAapPTUPOBAHUA
NapHbIX pUaoB Ha COOpPKY

e KapTupoBaHue cHUTaeTCA YCNeLWHbIM, ECIN PACCTOAHMUE MeXKAY pUaamm
Y0B/1€TBOPAET YKa3aHOMY NPy 3anycKe AnUano30oHy

* CkaddonguHr HaymHaeTca c Hanbonee ANANMHHOIO KOHTUra. Ecam yncno
CBA3EN MeXAY HUM U APYrMM KOHTUIFOM NPEBbLILIAET NOPOr, TO OHWU
obbeanHaoTca B ckapdong (MTepaunmoHHbIA NpoLecc)

* B cnyyae Hannuma anbTepHaTUBHbIX NyTen (A <-> B, A <-> C) Bbl4UCAAETCS
OTHOLLEHME YNCNA CBA3EN MeXKAY HUMU. ECan OHO MeHbLLe, Yem nopor
(0.7) BblbUpaeTca nyywmnm nytb. Ecnm 6onblue — ckadponamHr
npepbiBaeTcA



ANbTEPHATMBHbIE NYTMN CKapPongnHra
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[Mpymep CTaTUCTUKM CKaddONANHTa

READING READS r2b1: Total inserted pairs = 437,615
READING READS r3b1: Total inserted pairs = 460,399
Inserted contig file;

— Total number of contigs = 135
N50 =41,390

After scaffolding r2b1:
— Total number of scaffolds = 51
— N50=143,152

After scaffolding r3b1:
— Total number of scaffolds = 25
— N50=321,140
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Contig 3: onpeaennTb Napbl NPOCTO
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CrkaddongnHr cbopok 454 n lon Torrent

454+|on Torrent
— Total number of contigs = 91
— N50=130,512
— Total number of scaffolds = 5
— N50 = 2,709,945
— Max scaffold size: 2,709,945

lon Torrent
— Total number of contigs = 369
— N50=47,929
— Total number of scaffolds =74
— N50=377,361
— Max scaffold size: 1,618,709



CrkaddongnHr cbopok 454 n lon Torrent

454
— Total number of contigs = 70
— N50 = 95,885
— Total number of scaffolds = 15
— N50 = 441,245

— Max scaffold size: 1,575,801

lon Torrent
— Total number of contigs = 156
— N50=100,114
— Total number of scaffolds =50
— N50 = 1,960,091
— Max scaffold size: 1,960,091



M.tuberculosis Brba napHbIx

454 FLX dparmeHTOB 49 scaffolds
149 KOHTUTOB (2-3 TbIC + 4-5 ThbIC) N50 = 494662
N50 = 101797 (nog, pasHbIMK

6apkogamum)

— Sl

M.tuberculosis brba napHbIx
454 FLX dparmeHTOB 35 scaffolds

165 KOHTUFOB (2-3 TbiC + 4-5 TbiC) N50 = 738326

N50 = 88489 (noa pasHbiMm
6apkogamu)



Tema:

PacwudposKa mexaHn3amoB GopMUPOBaAHUA AETEPMUHAHT NAaTOreHHOCTU
CTPENTOKOKKaMM rpynnbl viridans Ha oCHoOBaHMU CpaBHEHUA NO/THOPa3MepPHbIX
HYK/1I€OTUAHbIX NOCNeA0BaTe/IbHOCTEN UX FEHOMOB

Mpobnema:

MpoAacCHeHNE MONEKYNAPHbIX MEXaHU3MOB POPMUPOBAHMA NATOFrEHHOro NOTEHLMANA
KIMHUYECKU 3HAYMMbIMU MUKPOOPraHM3mammn poga Streptococcus, B YaCTHOCTU S. pneumoniae
(MHEBMOKOKKA), BbI3blBAOLLErO Y Ye/I0OBEKA MHEBMOHMUIO, CENCUC, MEHUHIUT

3agauu:

[eHOMHOE CeKBEHMPOBAHME KNMHUYECKUX N301ATOB 3e/1eHALMX (Viridans) CTPEeNTOKOKKOB, OT/IMYHbIX MO
BMAOBOM NPUHAANEKHOCTU (S. mitis n S. pneumoniae) N KNIMHUYECKUM NPOSABAEHUSAM CO CTOPOHbI MaLMEHTa
(MHBaA3MBHblE M HEMHBA3MBHble S. pneumoniae)

MHBeHTapM3auma 1 cucTeMaTn3auma U3BECTHbIX KNETOYHbIX KOMMNOHEHTOB M CTPYKTYP (epmeHToB, NpoTenHoB
KNETOYHOW CTEHKM, Kancy/bl, NUNen 1 4p.), 06bI4HO paccMaTpPUBaeMbiX B KayecTBe GaKTOpPOB NaTOreHHOCTU U
BMPYNEHTHOCTU, HAa OCHOBAHUM aHaNM3a NONHOPA3MEPHbIX HYKNEOTUAHbIX NOC/eA0BaTE/IbHOCTEN FEHOMOB
N30/1ATOB 3e/IeHALLMX CTPENTOKOKKOB NOArpynnbl mitis.

BbiAaBNEeHME HOBbIX PAaKTOPOB, KOTOPbIE MOTYT UrPaTb POJIb B aganTauum U UHBa3MMU MUKPOOPraHM3MOB Poja
Streptococcus B MaKpOOpraHM3me, MeToAamm CPaBHUTENbHOW FEHOMUKN.

BbiABNEHME CTPYKTYPHbIX M GYHKLMOHANbHbIX OCOOEHHOCTEN reHOMAa, ONpPeaensoLWLnX Bbibop mexay
NapasUTM3MOM M KOMMEHCAIM3MOM Ha NPUMEpPe CPaBHEHWUS TEHOMOB S. pneumoniae u S. mitis.



Sequencing Platform

lon Torrent PGM™
lon Torrent PGM™
lon Torrent PGM™
lon Torrent PGM™
lon Torrent PGM™

lon Torrent PGM™

lon Torrent PGM™
lon Torrent PGM™
lon Torrent PGM™

lon Torrent PGM™

lon Torrent PGM™

lon Torrent PGM™

lon Torrent PGM™

Sequencing Depth
35x
34x
40x
31x
20x
26X
19x
55x
75x
48x
74x

53x

77x

Assembly Method
GS De Novo Assembler v. 2.8
GS De Novo Assembler v. 2.8
GS De Novo Assembler v. 2.8
GS De Novo Assembler v. 2.8
GS De Novo Assembler v. 2.8

GS De Novo Assembler v. 2.8

GS De Novo Assembler v. 2.8
GS De Novo Assembler v. 2.8
GS De Novo Assembler v. 2.8

GS De Novo Assembler v. 2.8

GS De Novo Assembler v. 2.8

GS De Novo Assembler v. 2.8

GS De Novo Assembler v. 2.8

Large Contigs
115
103
107
124
226

180

208
88
60

110
37

67

34



K HacToAweMy MOMEHTY NPOYUTaHbl FEHOMbI 8 LITAMMOB NMHEBMOKOKKOB (4 MHBA3MBHbIX, 4
HEeMHBa3MBHbIX), 5 WTammoB S. mitis n oAHOro WTamma rncesaonHEBMOKOKKaA. Bce reHombl
MOXHO HanTK B 6ba3e aaHHbix NCBI

Bupa LLTamm Accession 8 NCBI
Streptococcus pneumoniae 357 PRJNA201317
Streptococcus pneumoniae 2009 PRJNA201318
Streptococcus pneumoniae 801 PRJNA201319
Streptococcus pneumoniae 845 PRJNA201320
Streptococcus pneumoniae 1488 PRJNA201321
Streptococcus pneumoniae 1542 PRJNA201322
Streptococcus pneumoniae 3051 PRJNA201323
Streptococcus pneumoniae 1779 PRJNA206047

Streptococcus mitis 11/5 PRJNA201324
Streptococcus mitis 13/39 PRJNA201325
Streptococcus mitis 17/34 PRJNA206048
Streptococcus mitis 18/56 PRJNA206049
Streptococcus mitis 29/42 PRJNA206050
Streptococcus pseudopneumoniae G42 B npoLecce opopm/ieHUA




llepeuyHaa xapakmepucmukKa

wmamMmmoe

no 2eHOMHbIM

«BUpPTYyanbHOE cepoTUnMpoBaHue» Streptococcus pneumoniae

PekomeHOayuu CDC no onpedeneHuro 40 cepomurnog c
nomouwbto cepocneyugpuyHol myanemunpalimepHod TP

& Liste Larisa\2012\STREPTOCOCCI\PCI rotyping\serotypes.txt]
File Edit Options Help
»ser_1

ctct;tagaatggagtatataaactatggttatacaaaagatttgattttcatgcaatggctggctttggcaactttgttg
ttaactctaccttctaaagccattgtgttaagcgaaaggaaaataaacctaaataacaataactatttattatttctcaat
aatatgaatacgtttatcacaacagtagcaattatatatctattaggaagtggttttagaaataaaggggaaatatatteca
ggtgccaatattgtgataatgttagtattttctttgg
>ser_2
tatcccagttcaatattictccactacacctatttigeatatgttttgttactagettttattttggtaattgttatccca
tataagaaccgagtgttaaatttagtttataaaacacttattgecaatttcaattttttigecccaatctegtatagtitgg
atagcttttggggtaattttaattctttcgtttatactaaatagacaggggatattaacctatagaaagttgagtgttata
gtacttattttaattatagtagtctctctectgeoctatattttgatg
>ser_3
atggtgtgatttctcctagattggaaagtagtaatggcctctatagtgttgatgecttttgtagagaaaccaaaaccagaag
aagcgcctagcaatttagctattattggacgttatctacttactcctgagattttttctatattagaaacccaaaageccag
gagcaggtaatgaaattcaattgacagatgctattgatacattgaataagacacagagtgtttttgcgecgtgaatttgtgg
gcaaacgttatgatgttggtgataagtttaattttatgaaaacatcaattgattatgectcttcaacatcctecagattaaag
aaaaattacgttattgcacttggtaagcaattggagaag
gtt[:tgga[:t[:t[:gataattggaataatggtttt[:ttatat[:taattatgtt[:[:gt[:tatatttatatgggt
ttgctttctaattatttttcaaattactggttttattttacaaaaagttagtatatatgatttttctgtatggtatctgat
tttatcttatttttttatgtttggattaattttcaatgagtatatggggtttcaaacaactectgoctgtggageccctagtaa
cttctataataatgaagaattatttcattcatatatttttataatttggattttgttttgttattctgtaggctatttatt
tttttatagtgatggaaaggtacattatcattcagaagtacaaaattatcaggaaaatgaagagaaaattttgtacaatge
gggtaggattttaacaggagtgggc
>ser_5%
atacctacacaacttctgattatgectttgtggatcctgttgggagtagtgtectattttttctagaattgacatggaacga
tcattcctattttttttattaacaataggttgtttaattagecactattgetttgttagatatagttacgggagtatcttat
gtctttaatggtttgtctcagcaactctatttggetgtgggaattctagttttaggectactggaatgetgatgtgatitgtt
cattattggaaaatcatcaccatgacttttttgggagcatgtttgctgatttcagtggatatttattttcactactttcaa
ggacatactttttcaaatattgattatgtttatecgage
>ser_6A/6B/6C/6D
aatttgtattttattcatgcctatatctgggggtgtactgocaggttttaatcatgeattgetagagatggttecttcagtt
gatattgataaagattatttatatatagaaaaactgtctcatgataattattttgcaaagtttgcactagagtatgggaag
gtgttgttctgccctgagecaactggtcttgtatcgaagacatggacataatgtaacaactagtcatcattttaaattatet
ccgctaa
>ser_6C/6D
cattttagtgaagttggcggtggagttgataggtatattaagttatatttaaaatattcagataaagaacattttaaaaat
attgtggtaggatcagatcagcttaatagacaaacatatgaacaagaatataatataaagttttatcacattgatatctat
agaagcttgtctccaataaagcttttacgecgecgattaaacaatttagaaaaatattgtatctagaaagacctgatatagta
tatctgcacagtacttttgcaggtgtagtaggcaggttagcttectatgggtttgtcgtgtaaagtagtatacaatectceac
ggatggtcttttaagatggatgtttctaagattaagcaattegtttataaaaatattgaaaagtttttgtettatcttaca
gataagtatatattaatctctaaatctgaatatgaagcggctcaatctttaaaaataccccttaagaaattgactttagtg
tataatggagtagagattgatgaagattttaacgaaaatcaaataaacgttttattacccataaataaatatgttatiggg
atgattggtcgtattagtgaacagaaaaatcctttctttttigtigaatttgecaaaaaaattatcagagatttatagceaat
ttatattttgttattgtcggecgatggecgaattgegtgggegaactgaagaactaattgaagagtatgggecttcgaaget
>ser_7C/(7B/1A)
ctatctcagtcatctattgttaaagtttacgacgggatcaagttacctcaagtatttggtgataaaaaatggtttagaaat
aaaaaaataaatattgtatttgttggtggttacgatattaaaaaaggtcaggagttgtttttaagctattttttaaaatta
ccaaaagaaatacaaatgcaatatactttgactttctatggaagtggaaaatctaagtatataaagaaattacaaaagatg
tctcaacatctatgtic
>ser_FF/7A
tccaaactattacagtgggaattacggaatattaatttaaaaacaattattttigtttgggtctigtittttttgataggt
attttttcaaattttttgtatgatttaaatattgegettattgtatggtccctecgtaattatataagatttatcattttt
ttcatttcttgttgtttgtatattgataaatacagtataaatctaggtgaatacttaataaagctattctattggtttaat
atattttttacctcgttccaatattttgtgcttttaaaatcaggagattttcttggaggaatttttggaaacgaatt a

* 8 HawKMX reHOMOB S. pneumoniae
* 64 reHoma 13 6a3bl gaHHbiXx NCBI

OaHHbIM:
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Fnasnan Bcrasxa PasmeTea crpaHuiLe Dopryael AarHeie PeLeHzpoBanie Bug Acrobat
3 i Banesae Calibri ~i11 ~ A AT ] HE2=dl =i MNepenoc Texcra OBt
£3 Konnposars R =
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1 query id subject id % identity | alignmentlength mismatches
2 Sp_SPAR27) 2 ALCCOLO00004.1 io0.00 283 o
2 - R4gil93804931gbAENDSET2. 100.00 430 o
4 | Sp_SPAR48gi395870110gbALCEOLOOO001.1 1lo0.00 430 o
5 | Sp_2082170gi395615788gbALBOG1000003.1 100.00 430 o
" Sp_2081074gi395611663gbALBMO1000005.1 100.00 430 o
7 |ser_GA_GB_6C_6D Sp_SPARS5gi355877268gbALCFO1000001.1 99.20 250 2
8 |ser_6A_GB_6C_6D o) [ aeetl2.1 38.40 250 4
3 |ser_6A_6B_6C_6D Sp_GAB0190gi395888325g0ALCLO1000003.1 98.00 250 5
10 ser_6A_GB_6C_6D Sp_GAB0132gi395909931ghALCVOL000001.1 35.00 250 s
11 |ser_6A_6B_6C_6D Sp_GAG0080gi395903898gbALCROLO00010.1 98.00 250 5
12 {ser_6A_6B_6C_6D Sp_07AR0125gi328694797g0AFBY01000240.1 98.00 250 5
13 |ser_6C 6D Sp_GAB0190gi395888325gbALCLO1000003.1 100.00 F27 o
14 |ser_BC_6D Sp_D7ARDL25gI3286934797g0AFBYDL000240.1 io0.00 F27 o
15 |ser_6C_6D Sp_GAB0132gi395909931gbALCVOL000001.1 99.86 27 1
16 [ser_6C_6D Sp_GAGDDE80gi395903898gbALCROLO000L0.1 99.86 F27 1
17 |ser_7C_7B_40 Sp_SPAR95gi395872337ghbALCDO1000001.1 99.62 260 o
18 ser__ TA Sp_20701038gi385578353gbALBADIO00026.1 io0.00 593 o
19 |ser JF_7A Sp_2070108gi395581726gbALAZ01000006.1 100.00 5393 o
20 |ser_8 Sp_2071247g1335005107ghbALEKOLO00004. L 1lo0.00 201 o
21 |ser_8 Sp_2081685gi395611008gb ALBNG1000001.1 99.50 201 o
23 |ser_9V_SA Sp_GA56113gi395836137gbALCPO1000002.1 100.00 816 o
23 [ser_9V_39A Sp_GA17301gi395882932gbALCI01000001.1 100.00 816 o
24 |ser_9V_S9A Sp_2070531gi395580297gbALEDOIO0000OS5.1 100.00 816 o
25 |ser_9V_9A Sp_2070425g1395590755gbALBC01000004.1 100.00 816 o
26 {ser_10A Sp_2080076gi395597163gbALBHO1000002.1 100.00 628 o
27 |ser_10A Sp_2070035gi395575579gbALAY01000004.1 100.00 628 o
28 [ser_11A_ 11D Sp_AP200gi306408173gbCPO02121.1 100.00 463 o
29 |ser 12F 12A 44 46 Sp CDCO288-04gi158031652gbABGF01000001.1 99.73 376 1



lMepeuyHasa XxapakmepucmuKd  WMAMMO8 [0 2eHOMHbIM  OAHHbIM:
dunoreHeTukKa

* 427 wtammoB 13 6a3bl gaHHbIXx MLSA S. viridans
* 64 reHoma 13 6a3bl gaHHbIX NCBI

* 14 reHOMOB U3 Hallen KoNNeKumm




CpaBHUTENbHbIN aHan3 GaKToOpPOB BUPYNEHTHOCTM LUITAMMOB

noarpynnbl mitis rpynnbl 3eneHAWMUX CTPENTOKOKKOB

S. pneumoniae
(HemHBa3nBHbIE)

S. mitis

S. pneumoniae (MHBa3UBHbIE)
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CTpYKTypa Kancy/bHOro ornepoHa npeacTaBuUTeien rpynnobl
3e/IEHALLUX CTPENTOKOKKOB
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Neisseria gonorrhoeae
KANHUYECKue n3onaTol

PEN | TET | CIPR | SPEC | CRO | Azi

NG3

NG3mut

NG19

NG51




Neisseria gonorrhoeae

Coverage density
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Neisseria gonorrhoeae

PacnpejeneHue nokpeliTus B contigd0164
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Neisseria gonorrhoeae
BHYTpUreHoMHble MOBTOPbI

* DNA uptake sequences 5'-ATGCCGTCTGAA-3’

Wramm Koauyectso noBTOpOB
DUS10 DUS12
N. gonorrhoeae NG3 1849 1419
N. gonorrhoeae NG3mut 1905 1451
N. gonorrhoeae NG19 1930 1479
N. gonorrhoeae NG51 1913 1462
N. gonorrhoeae FA1090 1965 1522
N. gonorrhoeae NCCP11945 1966 1520
N. gonorrhoeae 35/02 1915 1475




CbopKa de-novo 1M aHaAM3 reHoMa
Pseudomonas stutzeri KOS6



Ob6beKT uccn €OBAHWUA:. Pseudomonas stutzeri

['paMoTpuLiaTeIbHBIC OAKTEPHU, KOTOPBIE IIUPOKO PACHPOCTPAHEHBI B PUPOJIE

BriepBbie ObLIM U3BJICUEHBI U3 CIIMHHOMO3TOBOM JKUAKOCTH. YCIOBHO-
[MaTOT€HHbIE MUKPOOPTaHU3M

OO0uTaloT B OY€Hb PAa3HOOOPA3HBIX Cpeiax: MOYBa, TOJIIA MOPCKOM BOJIBI 1
0CaJIKH, CTOYHBIE BOJBI

O0naaaroT OYEHb MIUPOKUM CIIEKTPOM META00IMYECKUX (DYHKIIHIA
MojienbHbI OpraHu3M JJI U3YUYEeHUS ACHUTPUPUKaAIU

CnocoOHOCTH OpraHu3Ma yCBauBaTh NIUPOKUM CIIEKTP CYOCTPATOB MOKET
cAenaTh €ro NPUMEHUMbBIM B OMOpEMeIralii U OYUCTKA CTOYHBIX BOJ.

Bricokast yacToTa €CTECTBEHHOM TpaHC(OpMaIIUH

Hcnonbk3oBainuck UTalbIHCKUM MuKkpoouonorom Giancarlo Ranalli gis
pecTaBpaluy CTapUHHBIX ()PECOK



Pseudomonas stutzeri KOS6

BIUAAMOHA-
KONWUTEAD |

’[K Nos W34,

A onAcnoc'm J




Pe3yn bTaTbl CEKBEHNPOBAHWUA

lon Torrent PGM

o /lee ppacmeHmMHbIe bBubauomeKu:
— 100 nH (nokpbiTHe 57x)
— 200 nH (nokpbiTne 135x)

o /lee napHbie (mate-pair) bubauomekru:
— BCTaBKM 2.5 K6 (nokpbiTne 149x, 73% napHbix)
— BCTaBKK 4.5 K6 (nokpbiTne 142x, 87% napHbix)
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CKadpponanHr

Mate-pair,
3-4 kb

Mate-pair,
4-5 kb

{}
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CKapdonanHr

Mate pair 4-5 Kb:
- 74 ckaghhonoos

Mate pair 2-3 K6
- 90 cKagpponoos

Fragment + mate pair («pyyHas», Vector NTI)

- 26 ckaghhonoos



AHann3 reHoma



Whole-genome BLAST

Color Key for alignment scores

40-50 20-200 »=200

Query
[ [ [ | [
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Pseudomonas stutzeri CCUG 29243
Pseudomonas stutzeri DSM 4166
Pseudomonas stutzeri ATCC
Pseudomonas stutzeri A1501
Tolumonas auensis DSM 9187
Parvibaculum lavamentivorans DS-1



[OpU30OHTaNbHbIN NEepeHocC

o Tolumonas auensis

BakTepua npoussogaLLas Tonyon. Obutaert B Tom Yncsne B
6eCKUCNIOPOAHbIX O3EPHbIX OTNOXKEHUAX

Tonyon (ot ucn. Tolu, TonyaHckuin 6anb3am) — metTunbeHson, becuseTHas
XNAKOCTb C XapaKTEePHbIM 3aMNaxoM, OTHOCUTCA K apeHam. [1poayKT
KaTaAnuTn4yeckoro pudpopmuHra 6eH3nHOBbIX Ppakumn HedTw.

o Parvibaculum lavamentivorans DS-1

Bbln n3BNE€YEH U3 OYUCTHbLIX COOPYKeHUN (fepmanHuns). YuyacTByeT B
nepepaboTke NIMHEUHbIX anKknnbeH3oacynbPOoHaTOB (B
cynbpoPpuHnNKapbokcmnaTbl)

115 eenHos
76 — 2unnomemuyeckue (Heu3zgecmHeoie)



N3BecTHble wTtammbl P. stutzeri

KOS6 Wwaam

CCUG_29243 HadTanuH gerp, 3arp. m. oc.
ATCC 14405 MOPCK

DSM_4166 pusocod

ATCC_17588 KANHUY

A1501 pusocod

DSM_10701 MoyBa 6TpaHchopm Npup B-B
SDM_LAC YTUnn3 nakrat

T13 AKTUBHbIN NN

TS44 3arpA3H no4yBa TpaHCP apceHunTa

XLDN_R [erp Kpesona
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KaK HAaUTU «YHUKA/IbHbIE» FEHb!

RAST

I |

YHUKAJ/IbHbIE
ANA WTamma



[1] "Enoyl-CoA hydratase [branched-chain amino acid degradation] (EC 4.2.1.17)"
[2] "Aldehyde dehydrogenase A (EC 1.2.1.22)"

[3] "Sialic acid transporter (permease) NanT"

[4] "Acyl dehydratase"

[5] "FIG016502: iron uptake protein" - He YHUKanbHbIN...

[6] "RecD-like DNA helicase Atu2026"

[7] "RecD-like DNA helicase YrrC"

[8] "VgrG-3 protein" - He YHWUKaNbHbIN...

[9] "TRAP-type C4-dicarboxylate transport system, small permease component”
[10] "TRAP dicarboxylate transporter, DctM subunit, unknown substrate 5"

[11] "TRAP dicarboxylate transporter, DctQ subunit, unknown substrate 5"

[12] "TRAP transporter solute receptor, unknown substrate 5"

[13] "2,4-dihydroxyhept-2-ene-1,7-dioic acid aldolase (EC 4.1.2.-)"

[14] "2-hydroxyhepta-2,4-diene-1,7-dioate isomerase (EC 5.3.3.-)"

[15] "2-oxo-hepta-3-ene-1,7-dioic acid hydratase (EC 4.2.-.-)"

[16] "3,4-dihydroxyphenylacetate 2,3-dioxygenase (EC 1.13.11.15)"

[17] "5-carboxymethyl-2-hydroxymuconate delta-isomerase (EC 5.3.3.10)"

[18] "5-carboxymethyl-2-hydroxymuconate semialdehyde dehydrogenase (EC 1.2.1.60)"
[19] "5-carboxymethyl-2-oxo-hex-3- ene-1,7-dioate decarboxylase (EC 4.1.1.68)"
[20] "Homoprotocatechuate degradative operon repressor"

[21] "Transcriptional activator of 4-hydroxyphenylacetate 3-monooxygenase operon, XylS/AraC family"
[22] "gliding motility protein MglA"

[23] "Cyn operon transcriptional activator"

[24] "Phage capsid scaffolding protein"

[25] "Phage tail fiber protein"

[26] "Phage major tail tube protein"

[27] "Phage tail completion protein"

[28] "Phage tail length tape-measure protein"

[29] "Phage tail protein"

[30] "Phage tail sheath monomer"

[31] "ParD protein (antitoxin to ParE)"

[32] "Vanillate O-demethylase oxidoreductase (EC 1.14.13.-)"

[33] "Carbon monoxide dehydrogenase large chain (EC 1.2.99.2)"

[34] "Carbon monoxide dehydrogenase medium chain (EC 1.2.99.2)"

[35] "Carbon monoxide dehydrogenase small chain (EC 1.2.99.2)"

[37] "transcriptional regulator, Crp/Fnr family"



Denntpuourkauyma, Asorpukcauma [erpapgauma VI type

nor, nir nif HadTaneHa, nah
KOS6 Wwaam + + + +
CCUG_29243 HadTtanuH gerp, + - + +
3arp. MOPCK. OCaaKMu.
ATCC_14405 Mopckas Boaa + - - -
DSM_4166 Pusocdepsl + + - -
ATCC_ 17588 KnnHunyecknm + = - -
A1501 Pusocdepsl + + - -
DSM_10701 MNouBa + - - -
SDM_LAC YTnnmnsatop nakrara + - - -
T13 AKTUBHbIN 1N + - - -
Tolumonas_auensis 03ep. OTA0XKeHnA  + + - +
TS44 3arpA3HeHHaA no4ysa + - = +
TpaHc. apceHUTa
XLDN_R [erpag-a Kpesona + - - -

Degradation




BbiBOAbI

o MpounsseaeHa cbopKka de-novo n ckapdonanHr
P. stutzeri KOS6

— Jlydwune nokasatenu: mate-pair, MIRA

o lMpucytcrayet 100 K6 BCTaBKa, rOoMO/IOrMYHasA
Y4aCTKamM reHomoB baKTepui, BEPOATHO, 06mUTatoLLMNX
B CXOAHbIX YCNOBUAX

o KombunHauma cnobHocTen K AEHNTPUPUKALUN,
asoTpuKcaumu, aerpagaummn HadpraneHa ABNAETCA
VHUKANbHOW cpean Apyrux M3BeCTHbIX LWTammos P.

stutzeri



MWKpobmnoTa KNULeYHUKa YesioBeKa e
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: | OTHER
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Ly pe—
DAY S

Yumcno reHos B metareHome ~ 10°: Ha 2 nopAaaka
6o/blUe, YemM reHOB YesloBeKa

OYHKUUNMK:
e MeTabonumam

Bacteroidetes Epsilonproteobacteria (2, 1, 0)

4 [ .
o [pepoTspalleHne KONOHMU3ALUUM NaTOreHaMm st i | T

Actinobacteria (22, 10, 2)

e WMMmyHUTET yenoseka

Alphaproteobacteria

(10, 4, 4)
) 3aLLI,l/ITa OT BOCNa/INTeIbHbIX 3aboneBaHUN Betaproteobacteria
(32,5,2)
o CBA3b C BbICWLIEN HEPBHOWN AEATENbHOCTbIO
p .u' -/"'/Gﬁlaproleobacteria
(5, 2.0)

Deltaproteobacteria
(24,4,2)

Unclassified, near
Cyanobacteria (3, 1, 1)

Eckburg et al, 2005 e
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Tyakht, A. et al. Novel human gut microbiota community structures in urban and rural
populations in Russia. Nature Communications, 2013 (accepted).
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Bbibop nnatdopmbl CEKBEHUPOBAHUS
ANnA MeTareHOMHOro ncciegoBaHus

44-100 nH

SOLID, lllumina

120-250 nH
meessssssssssssss  [ON Torrent

HLI/S BOH98HND 9100WHNOLD

400-500-800 nH

nmHegodunider ndu 9120HH3aw3TaduUoOSH



CpaBHeHMe cocTtaBa MUKPODBHOro coobulecTBa, NOJIYy4EeHHOTO
Ha Pa3HbIX N1aTGopMax
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Mpn3HaKku: poaoBoOM COCTaB

MeTpunKa cxoacTea: Koppenaumna CnupmeHa

Ona ogHoro obpasuya: 0,95 £ 0,03
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Pa3Hble annHa pnaos Ha lon Torrent
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daKTOopbl BapnabenbHOCTU MUKPOOBUOTHOrO NPOPUIUPOBAHUS:
BpeMeHHaA Bapuauma > metoa npobonoaroToBku > naatdopma

Sol_61_old

IT_61_old

IT_61_old_bead

IT_61 _new_bead

Sol 61 _new_bead

IT_ 61 new

IT 61 old

IT_61 _new

Sol_61_old

IT 61 new bead

IT_61 old bead

Sol 61 new bead



AHann3 MMKPOOHOro cocTaBa No CEKBEHUPOBAHUIO
nocnegosatenbHocten 16S pPHK

* BHyTpMBMAOBOE CXOACTBO CUKBEHCA
98-99%

* Bbigenaetca ns totanbHoro AHK ¢
NOMOLLbIO YHMBEPCANbHbIX NPakMepoB

* CeKBeHUpyeTcAa Lenmkom nmbo
BapmnabenbHble 0bnactu

— [AnAa MMKPOOBMOTbI KULLEYHMKA:
CTaHZAPTHbIM npoTokon Human Microbiome Project
(http://www.hmpdacc.org) ans V13, V35

{1357-1365)
H43

* [1nA 3yKapMoT — MOXKHO UCMO/b30BaTb
18S pPHK.




[MTpenmywectsa 16S popmara

* 3pPEKTUBHOCTb, MOTOYHbIN aHaNU3

 CekBEHMPOBAHME N3 MANOr0 KOJINYECTBA
bakTepuanbHon AAHK (bnontat TKaHeM
4yesiloBeKa, MOKPOTA)

e [leTekuma bakTeprnanbHOro 3aparkeHus garke
MNP HU3KOMN rNybmnHEe NOKPbITUA
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Microbial 16S rRNA lon Tag and community metagenome
sequencing using the lon Torrent (PGM) Platform
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Consensus Lineage
Bacteria;p__Firmicutes;c_ Clostridia;o_ Coricbacteriales;f_ Coricbacteriaceae;g__;s

k

k__Bacteria;p__Firmicutes;c__ Erysipelotrichi;o__ Erysipelotrichales;f_ [Coprobacillaceael;g__;5_
k__Bacteria;p__Firmicutes;c_ Clostridia;o_ Clestridiales;f_Lachnospiraceae;g_ Dorea;s_ formicigenerans
k__Bacteria;p__Firmicutes;c_ Clostridia;o__ Clestridiales;f__Veillenellaceae;g__ Dialister;s__invisus
k__Bacteria;p__Firmicutes;c_ Bacilli;o__Lactobacillales;f__ Streptococcaceae;g_ Lactococcus;s_ garvieae

k__ Bacteria;p__Firmicutes;c_ Clostridia;o_ Clestridiales;f__Lachnospiraceae;g_ [Ruminococcus];s__
k__Bacteria;p__Firmicutes;c_ Clostridia;o_ Clestridiales;f__Ruminococcaceae;g__ ;s
k__Bacteria;p__Firmicutes;c_ Clostridia;o__ Clestridiales;f__Lachnospiraceae;g_ Coprococcus;s__
k__Bacteria;p__Firmicutes;c_ Bacilli;o__Lactocbacillales;f_Enterccoccaceae;g_ Enterococcus;s_
k__Bacteria;p__ Firmicutes;c_ Clostridia;o_ Coricbacteriales;f_ Coricbacteriaceae;g_ Collinsella

k__ Bacteria;p__ Firmicutes;c_ Clostridia;o__ Clostridiales;f__Ruminoccoccaceae;g_ Oscillospira;s__
k__Bacteria;p__Firmicutes;c_ Bacilli;o__ Lactocbacillales;f_Lactobacillaceae;g_ Lactebacillus;s__ruminis

k__ Bacteria;p__ Firmicutes;c_ Erysipelotrichi;o__ Erysipelotrichales;f__Erysipelotrichaceae;g_ [Eubacterium];s__ biforme 1656 BT06
k__ Bacteria;p__ Firmicutes;c_ Clostridia;o__ Clostridiales;f__Ruminoccoccaceae;g__;s5_

k__Bacteria;p__ Firmicutes;c_ Clostridia;o_ Clestridiales;f_ Clostridiaceae;g__ Clestridium
k__Bacteria;p__ Firmicutes;c_ Clostridia;o__ Clestridiales;f__Lachnospiraceae;g_ Blautia;s__
k__Bacteria;p__Firmicutes;c_ Bacilli;o__Lactobacillales;f__Lactobacillaceae;g__Lactobacillus;s__
k__Bacteria;p__Firmicutes;c_ Clostridia;o_ Clestridiales;f_ Peptostreptococcaceae;g_ ;5

k__ Bacteria;p__Firmicutes;c_ Bacilli;o__Lactobacillales;f_Lactobacillaceae
k__Bacteria;p__ Firmicutes;c_ Clostridia;o__ Corickacteriales;f_ Coricbacteriaceae;g__;s__
k__Bacteria;p__Firmicutes;c_ Clostridia;o_ Clestridiales;f__Lachnospiraceae;g_ Dorea;s__
k__Bacteria;p__ Firmicutes;c_ Erysipelotrichi;o__ Erysipelotrichales;f_ [Coprobacillaceae];g_ Catenibacterium;s__
k__ Bacteria;p__ Firmicutes;c_ Clostridia;o__ Clostridiales;f__Lachnospiraceae;g_ Blautia;s__cbeum
k__Bacteria;p__Firmicutes;c_ Bacilli;o__Lactocbacillales;f_Enterccoccaceae;g_ Enteroccoccus;s_
k__Bacteria;p__Firmicutes;c_ Clostridia;o__ Clostridiales;f__Ruminococcaceae
k__Bacteria;p__Tenericutes;c__ Mellicutes;o_ RF39;f__;g_ ;s
k__Bacteria;p__Firmicutes;c_ Clostridia;o__ Clestridiales;f__Lachnospiraceae
k__Bacteria;p__Firmicutes;c_ Clostridia;o_ Clestridiales;f__Lachnospiraceae;g_ Coprococcus;s__
k__Bacteria;p__ Firmicutes;c_ Bacilli;o__Lactobacillales;f__Lactobacillaceae;g__Lactobacillus;s__brevis
k__Bacteria;p__Firmicutes;c_ Clostridia;o_ Coricbacteriales;f_ Coricbacteriaceae;g_ Adlercreutzia;s__
k__Bacteria;p__Firmicutes;c_ Clostridia;o__ Clostridiales;f_ Clostridiaceae;g__ Clostridium

k__ Bacteria;p__ Firmicutes;c_ Clostridia;o__ Clostridiales;f_Peptostreptococcaceas;g_ ;s
k__Bacteria;p__Firmicutes;c_ Bacilli;o__Lactocbacillales;f_ Streptococcaceae;g_ ;s
k__ Bacteria;p__Firmicutes;c_ Clostridia;o__ Clostridiales;f__Lachnospiraceae;g_ Blautia;s__
k__Bacteria;p__Bacteroidetes;c__Bactercidia;o__ Bacteroidales;f__Bactercidaceae;g_ Bactercides;s__
k__Bacteria;p__ Protecbacteria;c__Gammaprotecbacteria;o_ Entercbacteriales;f_ Entercbacteriaceae;g_ Escherichia;s__
k__Bacteria;p__ Firmicutes;c_ Clostridia;o__Clestridiales;f__Lachnospiraceae;g_ [Ruminoccoccus];s__gnawvus
k__Bacteria;p__Firmicutes;c_ Bacilli;o__Lactobacillales;f__Leuconostocaceae;g_ Weissella;s__
k__Bacteria;p__Firmicutes;c_ Erysipelotrichi;o__ Erysipelotrichales;f_Erysipelotrichaceae;g_ [Eubacterium];s__ cylindroides
k__Bacteria;p__Firmicutes;c_ Bacilli;o__Lactobacillales;f__ Streptococcaceae;g_ Streptococcus;s_ luteciae
k__Bacteria;p__Firmicutes;c_ Clostridia;o__Coricbacteriales;f__Coricbacteriaceae;g__;s
k__Bacteria;p__Firmicutes;c_ Clostridia;o__ Clestridiales;f__Ruminococcaceae
k__Bacteria;p__Firmicutes;c_ Bacilli;o__Lactobacillales;f__;g_ ;5




MakeT R: cpaBHEHMWE C BHELWIHEN KOHTPOAbHOM rpynnon (Turnbaugh et al, 2010, 154 o6pa3ua)
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SNP variations in the metagenome

1.D“"""':" - ned e o e e
e L L LSEEESTT 1 | Data: 139 (USA), 110 (Europe)
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22 oale ﬁ%@fi&tﬁﬁfﬁé?#i%??’%tuﬂigiﬁ“?'f‘?. ETTR T metagenomic samples
- E - . mggﬂ :2::9? :nggﬂgi gim“g::ttyy most éJmllar subject) : 1 f I 1
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BBl i Dioes sl sm Do st wims) wemsss b u s nucleotide diversity
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25 BN g - ; are stable over time
G T R kR -E_g}d e -355 — * Absence of clear continental
Days between sampling of same subject stratification apart from smaII

. . o number of species.
Temporal stability of genomic variation patterns.

From Schloissnig et al., Nature 2012



Our method of study of metagenome
genetic variet

Metagenomic sample

G

Sample 1

N

Set of reads

—— L&,
Ref. CTACGTAGTTCATTCGCTA

Samplel CTAGGAA
---|GGTA

Sample 2

G *

o
v

L 4

Set of gut bacterial genomes

Sample 2

GZ . 1 I

GT

-

CAATCG
CAATCGC--

\
T et “major” sequences

L 4



Sources of nucleotide differences in
metagenomes

* True SNPs
* Mapped reads from other bacterial genome

* Errors of sequencing

So the main problem was proper choice of coverage, allele sharing and
allele support thresholds to generate “major” sequence for each sample. In
our opinion, distance between such major sequences is more robust
characteristic than fixation index.

AG T Ca /OO 5 0 O 0
TAGGT T T[ -1 B Cr{0 4 0 0 O 1
TAGGT AATC C, IOKpBITHE CcY0 0 0 5 4 0
CTAGGTA CAATC MO3ULHHU a2 ~TONT0 00 0
CTAGGTAGI ICAATCTl v,

CTACGTAGTTCATTCGCTA
1234567 80910 oo CTAGGTAG--CAATCG---

g

possible polymorphisms



Data

Source of the | Number of Number of Sequencing
Host country i
data samles individuals platform
50 (sampled once)
41 (sampled twice) .
USA HMP 138 lllumina
2 (sampled tree
times)
Denmark MetaHit 84 84 [lumina
50 (type 2 diabet
China BGI-Shenzhen 100 (typ ) llumina
44 (healthy)
Russia RIPCM 20 20 SOLiD

Total: 342 gut matagenome samples of individuals from 4 countries.
Metagenome reads have been mapped on the catalog of 444 bacterial genomes

We have chosen 93 bacterial genomes that have abundance level greater than 1%
at least in 50 individuals.
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Example: Faecalibacterium prausnitzii A2-165



Consistency of results

On the heatmap we can see dense clusters of different strains of the same

bacterial species:

\

* Faecalibacterium prausnitzii (4strains)

1000

Count

500

* Bifidobacterium adolescentis (2 strains,

* Bacteroides vulgatus (2 strains.) ¢ @ s @

Alstpes_chahi
Bacle|

...and some others

Biophik_
ParEbaciE il
Pambacismids
Bacle

Similarity measure:
d(M;,M;) = 1 — |cor(M;, M)

cor(M;, Mj) - Mantel test Spearman
correlation between distance matrices




Dependence on sequencing platform

sample

gov130 130
0.001 = ® 212
® 284

REF

V2

gov284
sohd284

sequen

® illumina
A NONE

-0.001 - B sold

solﬁigz‘l 2

V1

We've sequenced 5 metagenomic samples on different platforms.



Stratification patterns of different bacterial
species

Absence of any stratification  Geographic factor Non-geographic factor
Bacteroides_sp._ 3_1_40A Dorea_formicigenerans ATCC_ 27755 Giie Parabacteroides_merdae ATCC_ 43184
L ] L]
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MDS-projections of distance matrices of different bacterial species.



Geographic stratification in different “directions”

I}. i

Circle means the number of bacterial species with 5|gn|f|cant difference in Wilcoxon test in
particular “direction” (inter-country)
Total number of tested bacterial species: 65.



“Heterogenity” of variable sites in samples

Is it a manifestation of co-existence subpopulation of same bacterial species
in the same organism?

Parabacteroides johnsoni DSM 18315 P_johnsoni—1.0_Cont0. 1, whole genome shotgun sequence

<

. . In each variable site of all samples we have
; measured “recessive” allele fraction.

Variable site means that it differs from reference
at least N of M samples.
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We’ve used different thresholds: {N, M}

bins



F, NokKpbeiTan 4acTb reHoMa

Polymorphism-level difference is connected with
gene composition difference between samples
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Correlation between coverage profiles of
different samples of same species

Color Key
1d Histogra

.fllh

We have chosen samples with coverage > 5. Then



Pa3paboTka meToaa KapTUpPOBaHUA
CaNTOB MHULMALUM TPAHCKPUNLUU C
NMOMOLLLbIO TEXHONOrUU CEKBEHNPOBAHMUA
BTOPOro noKoAeHusa Ha npumepe
Mycoplasma gallisepticum



3a4em UCKaTb CanTbl MHULIMALLUM
TPaHCKpUNUMM

* [Tonck canToB cBA3bIBAHUA
TPaHCKPUMUUOHHbIX GAKTOPOB



TexHonorn4yeckaa npobaema

o —

MPHK nocne ¢parmeHTaumm

[MoKpbITHUE NPU CTaHAAPTHOM NPUTOTOBAEHUN BUBANOTEKM




Naoea meTtoaa

m— [|OKPbITME NPU CTAHAAPTHOM MPUTrOTOBAEHNN BUBANOTEKN

= [1oKpbITNe 5 -o0boraweHHon bubnnotekn



Llar 1 - pparmeHTaumuA

5'-KOHUEeBOM pparmeHT

YOU mRNA
0=0
% rRNA + tRNA
=0
[——

O = docoar



Llar 2 — oboraweHune 5 -
nocaeaoBaTe/IbHOCTAMM

MoYMHKa KOHLIOB O6paborka 5 -pocdart-
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O = docoar



LLlar 3 — cHATME 3aWMUTHOM rpynmnbl U
NINTUPOBAHME aAanTeEpPOB
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LLlar 5 — aHanun3 pesynbraTtos

duneTpauma wyma
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LLlar 5 — aHanu3 pe3synbratosB

[MpoBepKa NO HANNYUIO CTYNEHBbKU B NOKPbLITUM

 —

DSN21; primary TSS (603) DSN21; other TSS (6691) DSN21; not-sign TSS (7292)

Distance 10 FAm TS5
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Pe3ynbTaTtbhl — KAK COOTHOCATCA CTAPTbI
TpaHckpunumm (TSS) u ORF (ganHa 5 -UTR)

all TSS (807)

randomly sh rﬁ'gd 155 (84)
(O [Served TSE#I (273)

TSS B cpeaHem
pacnonaraetca ot 0 go -50
bp oT cTapTa pamku

Density
D.ElEID D.qm D.QDE D.QDH- a_qm CI.I?Z'E-

K

0 1w -0 %o 0 50

Upstream from start codon (nt)




Bcero naentnpumnumposaHo 807 TSS

Pe3ynbTaThl

200 TSS nmetot TATA-60KC, CTOAT BOIU3U PaMKU N UMEIOT CTYNEHbKY

B MOKPbITUU

100 120 140
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a |

Position of motll start

¥ 1 1 ||
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OT CTapTa
TpPaHCKpunumn



CTpyKTYypa MMKON/1a3MeHHOro npomoTtopa
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CTpoeHne MMKONNa3MEHHOro CUrma-
daKTopa

B. subtilis

1 s 100 150 20 250 00 350
Query seq.,

OHA binding residues 11y

Specific hits Sigmas0_ri1_1 SianaTi_rl_2 Sigma’0_r3 5i gma?t) r4
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MeTtunnmnposaHue

Helicobacter pylori - Phasevariation

aas
ACGT

J99
ACGT

26695
ACGT

ACNGT ACNGT
ATTAAT ATTAAT ATTAAT
CATG CATG CATG
CCATC
CCGG CCGG CCGG
CCNNGG
CCTC CCTC CCTC
CCTTC CCTTC
CGWCG
CTGCAG
GAAGA
GANTC GANTC GANTC
GATC GATC GATC
GCGC GCGC GCGC
GGCC
GRRG GRRG GRRG
GTAC GTAC GTAC
GTNNAC GTNNAC GTNNAC
GTSAC
TCGA TCGA TCGA
TCNGA
TCNNGA TCNNGA TCNNGA

TGCA

Although we cannot exclude another as yet
undescribed

role for these modH phase variation in H.
pylori biology, we have

confirmed phasevarion mediated epigenetic
mechanism of gene

expression does operate in H. pylori -
Phasevarion Mediated Epigenetic Gene
Regulation in

Helicobacter pylori — Plos One — 12.2011




MeTtunnmnposaHue

Helicobacter pylori - Phasevariation
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