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ABSTRACT PCR primers (1. Wih the advcas of messive pusale
of PCR

165 ribosomal RNA gene (rDNA) amplicon analysis ) i onc became fc.ulblt (1-4} In 2006, Roche's 454
remains the standard a for the o GS 20 py bcl:amc the frst high-through-
of diversity. v applied for

The accuracy of these analyses depends strongly
on the choice of primers. The overall coverage and
phylum spectrum of 175 primers and §12 primer
pairs were evaluated in silico with respect to the
SILVA 16S/185 DNA non-redundant reference

large scale hiodiversity malysu and was key to uncovering
the ‘rare biosphere’ (6). The continuous development of
the technology, offering read lengths of up 1o 1000bp
nowsdays, further improved throughput and resolution
of 165 rDNA sequencing (7). Since then, additional

dataset (SSURef 108 NR). Based on this
a selection of ‘best available’ primer pairs for
Bacteria and Archaea for three amplicon size
classes (100-400, 400-1000, >1000bp) is provided.
The most promising bacterial primer pair (S-D-
Bact-0341-b-5-17/5-D-Bact-0785-a-A-21), with an
amplicon size of mm was

high have become

" available. The of Tlumina
(8) lis in the reduced per base cosis and comparatively
high sequencing depth (%), despite having short read
lengths. While the major advantage of lon Torrent (10)
are its relatively low cost and rapid sequencing speed.
Furthermore, Pacific Biosience (PacBio) now emplays

of the 185 (DNA nmpi\:nmmﬂl 165 rDNA fragments
from directly sequenced metagenomes. The results
of this study may be used as a guideline for select-
ing primer pairs with the best overall coverage
and phylum spectrum for specific applications,

the “singl le real-time’ (SMRT) sequencing tech-
nalogy. dmgnni to achicve aversge read lengths of
morc than 3000bp (11). For a detailed review of
sequencing technologies please refer to Loman er al.
(12). There is no doubt that the rapid development of
sequencing technologics has opened a new dimension in
biodiversity analysis. but the diversity of technologics also
s o

therefore reducing the bias in PCR-based mi
diversity studies.

INTRODUCTION

Understanding microbial diversity has been the ambition
of scientists for decades. Because diversity analysis by
cultivation is problematic for a significant fraction of
Bacteria and Archaca, culture-independent surveys have
been developed. In the past, the most commonly used
approach was cloning and sequencing of the 165 riboso-
mal RNA gene (rDNA) using conserved broad-range

to the design of a study.

The most critical step for sccurate rDNA amplicon
analysis is still the choice of primers (4.13). Using subapti-
mal primers, or more preciscly. primer pairs, can lead to
under-representation (14) or selection against single
species or even whole groups (15-17). Using inappropriate
primers consequently leads to questionable biological con-
clusions (17-19).

In this study. 175 broad range 168 rDNA primers and
512 primer pairs were investigated it sifico with respect to
overall coverage and phylum spectrum for Bacieria and
Archaea as well as amplicon length, Primer sequences were
compared with all 376 437 165/185 rDNA sequences

*Ta whom correspondence should be addressed. Tek +4% 421 2028970 Fax: +49 421 2028380; Email: fogi mpisbermen.de

© The Authasis) 2012, Publisbed by Oxfosd Usiversity Pres.
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Low Diveristytr > ZFJL—PhiX (3> FA—JLDNA) DFEMNMNKRETT

% Base

MiSeq Control Software v2.3LA k% #t42

V3 kit{d FH D 700-800K/mm2[= T
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DR —ZFENRELTEELRAIC
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AETFTHEHE-F2zET— 2U- 12013
lLow Diversity > F I EBiT T 250070 "20 1
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IRE AN E LV>AMPure Beads®/\> K1) >4
PCRIZMEZNZEMNZE V- Input DNAD Quality/QuantityzF = v 7 3 5
(AKDEFLUNZFER) T34 I—DHBEHRE

DS RI—HILELONLEWN (T—F2=2/hELY)
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Figure 5 Example Bioanalyzer Trace of Final Library

[FU]

| a

T T 7T T T TTr T
15 100 200 300 500 850 [bp]

IndexDIRY 7 1FHA S EL TELHUVSIndexDIAEDHLEZERELFEL LS

Good Bad
Index 1 Index 2 Index 1 Index 2
705 | CCACTCCT 503 | TATCCTCT 705 | GCACTCCT 502 | CTCTCTAT
706 | TAGGCATG 503 | TATCCTCT 706 | TAGGCATG 502 | CTCTCTAT
701 | TAAGGCGA 504 | AGAGTAGA 701 | TAAGGCGA 503 | TATCCTICT
702 | CGTACTAG 504 | AGAGTAGA 702 | CGTACTAG 503 | TATCCTCT
A AV VAV VA VANV VA xxxx
V=signal in both color

x=signal missing in one color channel
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MiSeqiZ#3EE D Miseq ReporterTHERB L %

16S Metagenomics Report

MiSeq Reporter©16S metagenomics
workflow CEEfT SNI=fRICHASTh
5LHR— k>htmEXTEEDD
7750 —CHER&E

MiSeq Reporter 24054 > 5 —
TJTAARAMN)Za—TIL

H T E(ZRead$iE 5O B EE
MRTRIND

DS TILEDEREDLLEA AT E

llumina

16S Metagenomics Report

Sample: PhiX555

Report Date: 02/05/2014 22:14:46
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MiSeq Reporter (MSR) Lt THOF—42 EE
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Details

Samples (63

#

I R L R e e

E R R - e
- 0 © ® N O O A @ N = O

Y |

Sample ID
Sample1
Sample1
Sample1
Sample1
Sample1
Sample1
Sample1
Sample2
Sample2
Sample2
Sample2
Sample2
Sample2
Sample2
Sample3
Sample3
Sample3
Sample3
Sample3
Sample3
Sample3

C A [ localhost8042/defaulthtm

| Analysis Info | Sample Sheet | Logs I Errors |

Sampk; Mame
Sample1
Samplel
Sample1
Sample1
Sample1
Sample1
Samplet
Sample2
Sample2
Sample2
Sample2
Sample2
Sample2
Sample2
Sample3
Sample3
Sample3
Sample3
Sample3
Sample3
Sample3

ClusterRaw

108091
108091
108091
108091
108091
108091
108091
104093
104093
104093
104093
104093
104093
104093

95726
95726
95726
95726
95726
95726
95726
80794
80794
80794
90794
80794
90794

| 90794

86992
86992
86992
86992
86992
86992

Taxomic Level
Kingdom
Phylum
Class
Order
Family
Genus
Species
Kingdom
Phylum
Class
Order
Family
Genus
spes
Kingdom
Phylum

Order
Family

Genus

| search
Clusters Classified
95529
95191
95090
94939
92646
91866
68481
90636
90525
90296
90312
89973

86656
86558
86489

83253
63730

»

®

w| =
) ?
110502_M10_0068_AA010K_16S_V4
Sample2 - Species

@ Prevotella melsninogenica 23.13%
® Hsemophilus parsinfiuenzse 18.22%
@ Unclassified 15.23%
® Rothia mucilsginoss 57%
@ Veillonells dispar 5.57%
@ Microvirus Enterobacteria phage PhiX174 4.07%
Neisseria cinerea 4.05%

@ Veillonella stypics 245%
@ Gemella haemolysans 2.48%
@ Fusobacterium periodonticum 1.97%
® Prevotella histicola 1.75%
@ Neisseria mucosa 1.62%
® Grsnulicstells adiscens 1.25%
@ Actinobacilus rossi 1.21%
Veillonella parvula 1.2%

@ Prevotella nanceiensis 1.04%
@ Prevotella pallens. 0.89%
@ Neissenis flavescens 0.48%
@ Streptococcus tigurinus 0.43%
@ Streptococcus pseudopneumonise 047%
@ Streptococcus vestibularis 0.44%
‘Gemells cuniculs 0.42%

@ Actinobacilus porcinus 0.4%
@ Prevotells sslivae 0.33%
@ Streptococcus thermophilus 0.37%
@ Candidatus Blochmannia rufipes 0.37%
@ Streptococcus parasanguinis 0.26%
® Mannheimia cavise 0.20%
@ Streptococcus infantis 0.27%
Other Species 447%
Total 100%
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BaseSpace 16S Analysis (B ') ') —X!)

» BaseSpace LMapp%{ERH L T cloud L CHEEIZBITTES

. H¥HE & L TIEMiSeq Reporter & R 2

s HEMRBOAEDT—2HEF (BHT—42 - LR—F) HHHE

BaseSpace - L ; y=) nwminatne v jlluming’
Projects =

S : - ~l - =
£ Metagenomics PhiX Test Data < 16S Metagenomics Analysis

P

Rename analysis

SUNBURST CLASSIFICATION CHART

i Analysis Info

This sunburst chart shows the relative abundance of the classification results within each taxonomic level.
Click on any category to zoom in. Click the center button to zoom out.
E Output Files Click "Reset Plot” to return to a Kingdom-Level view.

a Inputs

Reset Plot

Ml Anatysis Reports

PhiX4 I o

PhiXS 3
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PhiX3 c
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Phixi
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16S rRNAE = fZHr D=4

1 —4—:GEORGE WEINSTOCK/ERICA SODERGREN
The Genome Institute at Washington University, St. Louis, MO

R
BEERH LTI S D16S rRNA S —4 U R ERHT (B IZ AT 45 ORRATF (V1-V3 and V3-V5))

SEOTaASY b+

BEEI DAY > T ILEFH LY TMiSeq V3kit (2x301 cycle) & Roche#t454E DN T A+ —< 2 R
[CLEER Z# 1T o 1=,

LAFETHEALTI =454 DBME IR FETOLE

B llumina'



16S rRNAEI £ BITDEF]. BEIZDONT () fiENoms

A—HF—hi5D T 14— KNy y

R1ETE:

aX b

T7oRTy FE:

MiSeqld454 [ZLE R TEREMEICENTINS (HE )
~88%M ') — K TRead1 & Read2®M 7 w1z > JILAVA[HE

MiSeq T&EMIZHMN o T=H > FILELFO O X +(E454
FRBDITA E1 12-20TEtLE !

A54|ZLERT~20xD ALy Uit ont:
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Human Microbiome Project(&V3-V5%EE #{EH L TL %,
— VI-V3ERIIIFEAER—BEINTHY . REDFHTIEHFYERIND Z EIEGELY,

V3-V58EE FEF R =6, VI-V3FEE IR TMiSeq V3F v bMD2x300bpTH 7 vt > J'1) —E 5
DRI R AN LY

— V3-V5, 569bp, 2x300bp THOEEMTIZEEFRLY (F—/3—F v THEEARELY)
— V1-V3, 507bp, R SWIIZ(F@EL TL S

(FHODMEFILE S M ?:
— VAR (A IVLEF o= o —T K EREINBBEF)
— VA-V2#ElE (BRI WS U TILIZK K FEREINBELERS)
— V6-VOffEis (HMPFE7L & DREE IZIXM ML LERS)

TGl #4E: VI-V3EE (RO 2 =T4—¢,DTARNWYyavERD)

c L L ' = va €3 Wa C4 g A v CR CFr'W Rk = I N~ |
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Pseee B ozes [ lczE
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EERE, TNTOHEICS N THELEL,
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22—y FDEB

1 38

BLANITOEHEME RELULANILTOIEREE

&R 92% 94%
V1-V3 (507bp) 91 93
V3-V/5 (569bp) 86 92
V6-V9 (524bp) 88 93
V1-V2 (310bp) 90 92
V4 (219bp) 75 83

Thanks to Bo-Young Hong and Patricia Diaz, Univ. Conn. Health Center.
830 sequences from the Human Oral Microbiome Database classified
using mothur/RDP.
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MiSeq V3 kit (2x300bp) 16S rRNAfEHTT— 4

Read 2
Read 1 <
>
16S rRNA V1-V3 Taa b
Taga ~500 bases 9

Tyt TILEInt=V1-V3fElE (ML L 7=Stitch Read & L T)

39 llumina



16S rRNAEZS#EHTDT— 70—

2 TV

T— 3 R

V1-V3%E1E
27F-534R%~507 bpD 7 > ) a2 & L TR

R—LTY 2—T=EME (TruSeqlZiR 2 =A%)

MiSeq V3 kit- 2 x 301 cycle

BAM-FASTQ » trim <g10 » 3’ end quality trim » adapter trim V¥
RDP Identity «€ Overlap consensus reads (20nt/10 nt) <« PhiX identity

FRRFHRRBA S ENENDNI T T ERET S
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B LA TRESNT-Read

0.5 CONFIDENCE
MiSeq Assembled
454 Pool 1
454 Pool 2
0.6 CONFIDENCE
MiSeq Assembled
454 Pool 1
454 Pool 2
0.7 CONFIDENCE
MiSeq Assembled
454 Pool 1
454 Pool 2
0.8 CONFIDENCE
MiSeq Assembled
454 Pool 1
454 Pool 2

43,5271
3,589
4,697

427,930
3,477

4,578

419,751
3,358
4,400

409,454
3,200

4177

96.1
96.5
97.8

94.5
93.5
95.3

92.7
90.3
91.6

90.4
86
86.9

e LT, 454|ZHERTMiSeq V3 kitfE FHEF D A A
KYERHEICZL DMEVMDREICRHKIIL 1=,
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QScore Distribution

VI-V37>71ay (~500bp) All Lanes
v

Both Surfaces

20MR7TUR)—F
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9.7 Gb > Q30

95.85% Clusters PF v

All Cycles
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Fix
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 Analysis | Imaging | Summary | Tile Status | TruSeq Controls | Indexing |

000000000-AGY2A All Lanes Both Surf. All Reads All Cycle

7000k

6000
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2000

1000

1 Score

Run Summary

Level Yield Total Projected Total Yield Yield Perfect Yield <=3 errors
(G) (G) (Gl (G)
Read 1 6.2 6.2 0.6 0.8
Read 2{l) 01 01 0.0 0.0
Read 3 6.2 6.2 0.5 0.8
Total 12.5 125 11 1.6

¥ -

Aligned

(%)
13.59
0.00
13.52
13.55

% Perfect % ==3 errors  Error Rate

[Num Cycles] [Mum Cycles] (%)
67.4 [300] 953 [300] 092
0.0 [5] 0005 0.00
58.9 [300] 91.6 [300] 1.06
63.2 93.5 0.99

Intensity % Intensity 1% »= Q30

Cycle 1 Cycle 20

25 118.1 241

512 0.0 816

38 91.2 712

194 104.6 X}
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Microbiome ProjectiZ& WL\ T TS5 4
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Weinstock Lab
— George Weinstock
— Erica Sodergren
— Brandi Herter
— Kathie Mihindukulasuriya

TGI lllumina Production
— Matt Cordes
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Gary Nunn, Ph.D
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YN TT77—HADH

SanDiegoE B CTIEEN—T NI T T 7—HADREZTEZTo> TV,

YAATSAVEDREICLAL[ERNRE TS K UETMEOBIEREE
T TULV =

IA4 375 AYE (Mycoplasma) : 75 LEMEE, AMIBEWTEIYA/aT5 XY
fiRZFS|I SR _TEELH D,
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YIND T T 7—1 X DIERE/IZ [ I77-SanDieqo Y& & D FHFE

WILDLIFE DISEASE LABORATORIES
Bruce Rideout, Director
Josephine Braun, Scientist

BrIIERETBIOMITICRSEEZ
<\\ : t (o]
BARMICTEO IO Y FETo1=,
- KEDREZITo1=
- REBICTHT D2 AEZHEILL -
— TROEHRIZEWTTOLrIL—OOD
fEREZFSREEDRIEZ1To71=,
San Diego Zoo
San Diego Zoo Safari Park
Field conservation programs
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BELYN\OIID7—HADLRIESW=-HMEY (1)

" :
Rank Species Total # Sequences in Total % Sequences in Notes
sample Sample

Calothrix parietina 106,004 38.11% Blue-green algae
2 Rickettsia sp. 15,631 5.62% Tick, flea, lice borne
3 Acinetobacter sp. 5,764 2.07% Soil bacteria
4 Symploca atlantica 4,917 1.77% Algae
5 Proteobacteria 4,109 1.48% variable (some

pathogen known)
6 UIIElEES 3,847 1.38% Extremophile
thermosulfata
8 Blautia sp. 3,705 1.33% Gut bacteria
9 Blautia coccoides 3,330 1.20% Gut Bacteria
10 Pedobacter 2,881 1.04% Soil Bacteria
ST SR Mycoplasma agassizii 138 0.05%
of note

Vi ~ llumina’



KB

EF oY NI TT77—HADLREESNI=-HEY(6)

5 .
Rank Species Total # Sequences in Total % sequences in Notes
sample sample

Myroides odoratus 11,654 6.6%
Flavobacteriaceae sp. 11,481 6.5%
Pedobacter sp. 7,894 4.5% Soil bacteria
Flavobacterium 5,492 31%
swingsii
Pseudomonas 4538 2 6%
brenneri
9 Pseudomonas sp. 4,193 2.4% Water borne biofilms
10 Pseudomonas 4,160 2.4%
marginalis

* Brown et al., 1994
** Gregersen et al., 2009
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KEEZFH YN TI77—HADSREE SN =MEY(8)

. Total # Sequences Total % sequences
Species : . Notes
in Sample in sample

Granulicatella 5.825 2 4% Normal human
adiacens mucosal membranes
5 Flavobacteriaceae 5,443 2.2% Water borne
6 Myroides odoratus 4,855 2.0% Hm.noso_comlal
infection
7 Pedobacter sp. 4,108 1.7% Soil bacteria
8 Deinococcus sp. 2,051 0.8% Soil, water
SRR 1,800 0.7% Water borne

swingsii

* Brown et al., 1994
** Gregersen et al., 2009
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YNNG IAT7—HADEBERAART ) LB

YN TT7—HADIF E A ElEMycoplasma agassiziiEEMN R 5 f-
— L8 TRIEE ZH#&RE L 1=,
— QEF7REDEEFEZE DN I T 7—HADEEICIIHFEREDSDZENEN Y T
10ICEFENTLULV,

= Tortoise-16025: —&/Z < FENTLS/N\T T 1) 7(18.2%)
» Tortoise-18963 : ZHFBHIZCZ K EENT WD/ T1) 7(13.9%)
= Tortoise-13498 : ZHBICZ<EFENTWSESNT T 7 (3.1%)

- LA EREXDREREGIOIREARTHSIZ ENFMLN TV

Chelonobacter 2+ 2 < DY /NN T T 7—HADEETHRES =,

— 10 8IEDH NI T T 7—HADERETIASHERENZLVANS10ELEIZEEN
TLlV=
— Chelonobacter ITDWWTHLURBIK Y EREX EDEENREIN TV
BELYNI T I 7—HAZTEOKPIZEENSIZHELENITIT7EEFELT
LyT=

— BBEEAY /N T7 7 —7 A1Z1E0.05%F2 E L HMycoplasma agassiziihld& £ TLVA
Mmot=
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