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Ross et 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

P. falciparum

3.5

unbiased

E. coli

R. sphaeroides

N
\

unbiased

Relative coverage

% Lizs

Iy

Genome fraction

] 20 40 60 80 100

0 20 40 60 80

%GC (100-base windows)

100

@ genome @ llumina MiSeq @@ lon Torrent PGM () Pacific Biosciences RS

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), E. coli (51%), and R. sphaeroides (69%) genomes (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 genome. Bottorm: the GC composition distribution of each genome.
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Scaffolding pre-assembled contigs using SSPACE
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A READING READS r2bl: Total inserted pairs = 437,615
A READING READS r3b1: Total inserted pairs = 460,399
A Insertedcontigfile;

I Total number otontigs= 135
N50 = 41,390

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

A After scaffolding r3b1:
I Total number of scaffolds = 25
I N50=321,140
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454+ on Torrent
Total number oftontigs= 91
N50 = 130,512
Total number of scaffolds = 5
N50 = 2,709,945
Max scaffold size: 2,709,945

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

o Torbent



454
Total number ottontigs= 70
N50 = 95,885
Total number of scaffolds = 15
N50 = 441,245
Max scaffold size: 1,575,801

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

o Torbent
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Sequencing Platform Sequencing Depth Assembly Method Large Contig

lon Torrent PGMV 35x GS De Novo Assemblerv. 2.8 115
lon Torrent PGMV 34x GS De Novo Assemblerv. 2.8 103
lon Torrent PG 40x GS De Novo Assemblerv. 2.8 107
lon Torrent PG 31x GS De Novo Assemblerv. 2.8 124
lon Torrent PGV 20x GS De Novo Assemblerv. 2.8 226
lon Torrent PG 26X GS De Novo Assemblerv. 2.8 180
lon Torrent PGV 19x GS De Novo Assemblerv. 2.8 208
lon Torrent PGMV 55x GS De Novo Assembler v. 2.8 88
lon Torrent PGM 75X GS De Novo Assemblerv.2.8 60
lon Torrent PGV 48x GS De Novo Assemblerv. 2.8 110
lon Torrent PGMV 74X GS De Novo Assembler v. 2.8 37
lon Torrent PGNA" 53X GS De Novo Assemblerv. 2.8 67

lon Torrent PG 77X GS De Novo Assembler v. 2.8 34



mto Yy” a x a o a

e o e~ ot NCBI~
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¢ 7 t ”aa Accession NCBI
Streptococcupneumoniae 357 PRJINA201317
Streptococcus pneumoniae 2009 PRJIJNA201318
Streptococcus pneumoniae 801 PRJIJNA201319
Streptococcus pneumoniae 845 PRJNA201320
Streptococcus pneumoniae 1488 PRJINA201321
Streptococcus pneumoniae 1542 PRJIJNA201322
Streptococcus pneumoniae 3051 PRJIJNA201323
Streptococcus pneumoniae 1779 PRJNA206047
Streptococcus mitis 11/5 PRJIJNA201324
Streptococcus mitis 13/39 PRJINA201325
Streptococcus mitis 17/34 PRJINA206048
Streptococcus mitis 18/56 PRJINA206049
Streptococcus mitis 29/42 PRJINA206050
Streptococcus pseudopneumonia G42 €SO, S i o0
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File Edit Options Help
»ser_1
ctctatagaatggagtatataaactatggttatacaaaagatttgattttcatgcaatggctggoctttggecaactttgttg
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
atattttttacctcgttccaatattttgtgettttaaaatcaggagattttctt aatttttggaaacgaatt a
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7 |ser.BA_BB_6C_6D
2 |ser_6A_6B_6C_6D
9 |ser_6A_6B_6C_6D
10 ser_6A_BB_6C_6D
11 |ser_6A_6B_6C_6D
12 |ser_6A_6B_6C_6D
13 ser_6C 6D

14 ser_6C 6D

15 ser_&6C 6D

16 ser_&6C 6D

17 |ser_7C_7B_40

18 ser_]
19 |ser 7F_7A
20 |ser_8

21 |ser_8

22 |ser_9V_9A
23 |ser_9V_9A
24 |ser_9V_9A
25 |ser_9V_9A
26%45er_1QA
27 |ser_10A e e
28 [ser_11A_11D

29 |ser 12F 12A 44 46

Sp_ 53AR48gBSSS7DLLUgbALCEULUUDUULl 100.00 430
Sp_2082170gi395615788gb ALBO01000003.1 100.00 430
Sp_20381074gi395611663gb ALBMOLO0000S5.1 100.00 430
Sp_! SJAR55g|395877258gbALC 010000011 99.20 250
Sp .1 98.40 250
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Sp_GAG0132gi395909931gbALCYOL000001.1 95.00 250
Sp_GAG0080gi395903898gbALCROLO000L0.1 95.00 250
Sp_O07ARD125gi328694797gbAFBYD1000240.1 98.00 250
Sp_GAB0190gi395888325gbALCLO1000003.1 100.00 727
Sp_07AR0125gi328694797gbAFBY01000240.1 100.00 Fai
Sp_GAB0132gi395909931gbALCYVOL000001.1 99.86 Fai
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Sp_SPAR95gI395872337ghALCDOLO0000L. L 99.62 260
Sp_2070109gi395578353gbALBADLIOD0026.1 100.00 593
Sp_2070108gi395581726ghbALAZ01000006.1 100.00 593
Sp_2071247gi395605107gbALBK01000004.1 100.00 201
Sp_2081685gi395611008gbALBNO1000001.1 99.50 201
Sp_GAS56113gi395896137gbALCPOLO00002.1 100.00 816
Sp_GA17301gi395882932gbALCI01I000001.1 100.00 816
Sp_2070531gi395590297gb ALEBDO1000005.1 100.00 816
Sp_2070425gi395590755gbALBCO1000004. 1 100.00 816
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Neisseria gonorrhoeae
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Neisseria gonorrhoeae
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Coverage divided by average coverage

Nelsseria

PacnpefeneHue NokpeITMs B contign0164

POSITION

15

(5t L

o) £

g

NAME
)l

7 [454)
7 (ilar)

Tmul

gonorrhoeae

0.5+

0.0+

1.5=

=2 =
n =]
1 1

- o
w o

Coverage divided by average coverage
& 5 =
] 1

=4
=}
1

PacnpeneneHne nokpeiTis B reHe CTP synthatse

15

(a2

fuon) .

in
1

0.5+

0.0+

T
45500

position

g

name

]
7(454)
7 tier)

Tmu



Neisseria gonorrhoeae
Ce x t h ceoo ateo .h

* 1T < g <

A DNA uptake sequenc&ATGCCGTCTGAAQ

o o 2l "\* : < m t 3 0] cC o g t
DUS10 DUS12
N. gonorrhoeaeNG3 1849 1419
N. gonorrhoeaeNG3mut 1905 1451
N. gonorrhoeaeNG19 1930 1479
N. gonorrhoeaeNG51 1913 1462
N. gonorrhoead~A1090 1965 1522
N. gonorrhoeaeNCCP11945 1966 1520
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k__ Bacteria;p__ Firmicutes;c_ Clostridia;o__ Clostridiales;f__Ruminoccoccaceae;g__;s5_ 3632
k__Bacteria;p__ Firmicutes;c_ Clostridia;o_ Clestridiales;f_ Clostridiaceae;g__ Clestridium 3669
k__Bacteria;p__ Firmicutes;c_ Clostridia;o__ Clestridiales;f__Lachnospiraceae;g_ Blautia;s__ 3863
k__Bacteria;p__Firmicutes;c_ Bacilli;o__Lactobacillales;f__Lactobacillaceae;g__Lactobacillus;s__ 39638
k__Bacteria;p__Firmicutes;c_ Clostridia;o_ Clestridiales;f_ Peptostreptococcaceae;g_ ;5 4202
k__ Bacteria;p__Firmicutes;c_ Bacilli;o__Lactobacillales;f_Lactobacillaceae 4266
k__Bacteria;p__ Firmicutes;c_ Clostridia;o__ Corickacteriales;f_ Coricbacteriaceae;g__;s__ 4270
k__Bacteria;p__Firmicutes;c_ Clostridia;o_ Clestridiales;f__Lachnospiraceae;g_ Dorea;s__ 4910
k__Bacteria;p__ Firmicutes;c_ Erysipelotrichi;o__ Erysipelotrichales;f_ [Coprobacillaceae];g_ Catenibacterium;s__ 5222
k__ Bacteria;p__ Firmicutes;c_ Clostridia;o__ Clostridiales;f__Lachnospiraceae;g_ Blautia;s__cbeum 53438
k__Bacteria;p__Firmicutes;c_ Bacilli;o__Lactocbacillales;f_Enterccoccaceae;g_ Enteroccoccus;s_ 5464
k__Bacteria;p__Firmicutes;c_ Clostridia;o__ Clostridiales;f__Ruminococcaceae 5474
k__ Bacteria;p__Tenericutes;c_ Mellicutes;o_ RF39;f_ ;g_ ;5 B3B3
k__Bacteria;p__Firmicutes;c_ Clostridia;o__ Clestridiales;f__Lachnospiraceae 6334
k__Bacteria;p__Firmicutes;c_ Clostridia;o_ Clestridiales;f__Lachnospiraceae;g_ Coprococcus;s__ G450
k__Bacteria;p__ Firmicutes;c_ Bacilli;o__Lactobacillales;f__Lactobacillaceae;g__Lactobacillus;s__brevis 6460
k__Bacteria;p__Firmicutes;c_ Clostridia;o_ Coricbacteriales;f_ Coricbacteriaceae;g_ Adlercreutzia;s__ 7153
k__Bacteria;p__Firmicutes;c_ Clostridia;o__ Clostridiales;f_ Clostridiaceae;g__ Clostridium 8232
k__ Bacteria;p__ Firmicutes;c_ Clostridia;o__ Clostridiales;f_Peptostreptococcaceas;g_ ;s 8542
k__Bacteria;p__Firmicutes;c_ Bacilli;o__Lactocbacillales;f__ Streptococcaceae;g_ ;5 8895
k__ Bacteria;p__Firmicutes;c_ Clostridia;o__ Clostridiales;f__Lachnospiraceae;g_ Blautia;s__ 82300
k__Bacteria;p__Bacteroidetes;c__Bactercidia;o__ Bacteroidales;f__Bactercidaceae;g_ Bactercides;s__ 9055
k__Bacteria;p__ Protecbacteria;c__Gammaprotecbacteria;o_ Entercbacteriales;f_ Entercbacteriaceae;g_ Escherichia;s__ 9331
k__Bacteria;p__ Firmicutes;c_ Clostridia;o__Clestridiales;f__Lachnospiraceae;g_ [Ruminoccoccus];s__gnawvus 9979
k__Bacteria;p__Firmicutes;c_ Bacilli;o__Lactobacillales;f__Leuconostocaceae;g_ Weissella;s__ 10066
k__Bacteria;p__Firmicutes;c_ Erysipelotrichi;o__ Erysipelotrichales;f_Erysipelotrichaceae;g_ [Eubacterium];s__ cylindroides 10493
k__Bacteria;p__Firmicutes;c_ Bacilli;o__Lactobacillales;f__ Streptococcaceae;g_ Streptococcus;s_ luteciae 10892
k__Bacteria;p__Firmicutes;c_ Clostridia;o__Coricbacteriales;f__Coricbacteriaceae;g__;s5__ 11432
k__Bacteria;p__Firmicutes;c_ Clostridia;o__ Clestridiales;f__Ruminococcaceae 11492
k__Bacteria;p__Firmicutes;c_ Bacilli;o__Lactobacillales;f__;g_ ;5 11702
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SNP variations In theaetagenome

0.8

Allele sharing
similarity score

0.6-
1.0+

0.8

Species abundance
similarity

Temporal stability of genomic variation patterns.

| « Same subjecﬁt (diﬁeréﬂt time-pﬁoint)

» Most S|m||ar non-self: subject

— Mean inter- mdwldual similarity (most SIH"IIlEiI’ subject} :
Mean inter- mdwldual S|mllar|t§,-' all sub jects) '

3 L u’a:‘- ”.:: -
-'-.."‘..: . »
. II.' .
0.6
0 50 100 150 200 250 300 350

Days between sampling of same subject

FromSchloissniggt al.,

Data: 139 (USA), 110 (Europe)
metagenomicsamples

Distance measure: fixation index and
nucleotide diversity

Results:

A Individuatspecific variation patterns
are stable over time

A Absence of clear continental
stratification apart from small
number of species.

Nature2012



Our method of study olmetagenome

genetic variety
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Metagenomicsample Set of reads Set of gut bacterial genomes
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Sources of nucleotide differences In

metagenomes

A True SNPs
A Mapped reads from other bacterial genome
A Errors of sequencing

So the main problem was proper choice of coverage, allele sharing and
allelesupport thresholdsi 2 I SYSNJ 0S aYIlI 22 NE &S|
our opinion, distance between such major sequences IS more robust
characteristic than fixation index.

AG T Ca /OO 5 0 0 0
TAGGT J [ el Cr{0 4 0 0 0 1
TAGGT| ARG  |J/~7an PGt 00 0005 4 0
CTASGTA CARL G 7|* o 10 Geg\2 070 #0- 0 0
CTAGGTAG | CACI o,

CTACGTAGTTCATTCGCTA
1234567 8910 e CTACSGTAG-CAATCG--

—

possible polymorphisms



Data

Source of thg Number of Numberof Sequencing
Host country g ¥
data samles individuals platform
50 Gampled oncg
USA HMP T sl T A,
2 (sampled tree
times)
Denmark MetaHit 84 84 [llumina
: 50 (type 2 diabet) )
China [BGiShenzher 100 44 (healthy) lllumina
Russia RIPCM 20 20 SOLID

Totat 342 gut matagenomesamples of individuals froshcountries
Metagenomereads have been mapped on the catalogléfi bacterial genomes

We have chosen 93 bacterial genomes that have abundance level greater than 1¢
at least in 50 individuals.
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Consistency of results

On theheatmapwe can see dense clusters of different strains of the same
bacterial species:

A Faecalibacteriunprausnitzii(4strains) _: T’
A Bifidobacteriumadolescenti§2 strains
A Bacteroidesulgatus(2 strains.) IEETIER Tﬁ I

XFYR a42YS 20KSNA
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Similarity measure:
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correlation between distance matrices
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Dependence on sequencing platform

sample

gov130 130
0.001 - 212
284

REF

V2

- gov284
solid284

sequen
® illumina
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-0.001 - B solid

gsé’JE*?ﬁ °

V1

2 SQUWS &S Imdyghondidcamples on different platforms.



Absence of any stratification Geographic factor

Stratification patterns of different bacterial

Bacteroides_sp._3_1_40A
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MDSprojections of distance matrices of different bacterial species.
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DS23ANJ LIKAO aA0GNY GATAOI

Circle means the number of bacteriAaI species with significant differendélaoxontest in
LI NI A Odzt | NJ couAtf) B OG A2y € O A Y G SNJI
Total number of tested bacterial species: 65.



oHeterogenityg
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Is it a manifestation of cexistence subpopulation of same bacterial species

In the same organism?

Parabacteroides johnsonii DSM 18315 P_johnsonii-1.0_Cont0.1, whole genome shotgun sequence
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In each variable site of all samples we have
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Variable site means that it differs from referet
at least N of M samples.
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F, NnokpelTan 4acTb reHoma

Polymorphismevel difference is connected with
gene composition difference between samples
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Correlation between coverage profiles of
different samples of same species
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coverage (starts)imeanicov)

DSN21; primary TSS (603)

DSN21; other TSS (6691)
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