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Abstract When used for amplicon sequencing, Illumina
platforms produce more than hundreds of sequence artefacts,
which affects operational taxonomic units based analyses such as
differential abundance and network analyses. Nevertheless it has
become a major tool for fecal microbial community analysis. In
addition, results from sequence-based fecal microbial community
analysis vary depending on conditions of samples (i.e., freshness,
time of storage and quantity). We investigated if freeze-drying
samples could improve quality of sequence data. Our results
showed reduced number of possible artefacts while maintaining
overall microbial community structure. Therefore, freeze-drying
feces prior to DNA extraction is recommended for Illumina-based
microbial community analysis.
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AN D71 E A4 H(Next Generation Sequencing, NGS) <
At FHUAYEAV Ao ARE-E| S QUATE, NGS 719 &+
Hu A S EA o gk B3t WiHe] fle AA ol
PyrosequencingS Rocheol|A] o|v] AMuj27t S @ Aolgla
dHARNE Esial MASANEAS fEl 7P Wol ALS
=3 Stk AT, DluminaAtollA A E3IL U= MiSeqe Al
Zhol Aol wgl 74 tiv] &84 SHolA AL
7] wiizell pyrosequencingS tHAISIAL ATH(Loman et al. 2012).
llumina AJA ZF-S PCR AHES o83l Al@Ao] %18
=7] WEel] ATs] B o] A1 AlE27F B4 (Caporaso
et al. 2011)°] 2 ¥k olYz} indel ¥ substitutionol] £]3] <
FE oIATIE BAEES ZEZ o (Dohm et al. 2008;
Hoffmann et al. 2009; Kircher et al. 2009; Zhan et al. 2014),
IS reverse reads’}t forward readsHUlF W& quality scores
zr e ZA&o] Utk(Kwon et al. 2013). Schirmer (Schirmer
et al. 2015) 9TEE MiSeq library 0|24 3} Zejo|w Al
= F7F dojg e TP Fad andty Hisiglon,
THMES o] &8 MiSeq THIFFOA AMESE Bg 2x14]
°oF 247 dEA Utk 9 59, Liu (Li et al. 2007) &
THE FHAEe] wdsiae EHrAEAY 7 HAE 7
2N & e asgty Basgor, 129 tEo] DNA
extraction method (Kennedy et al. 2014b), PCR template
concentration (Kennedy et al. 2014a), PCR cycle condition
(Ahn et al. 2012) =3t EHuAAEAEEA] Ao FFS 7
2 Jvar B HA) o) A AeAM= DNA &3
Aol bead-beating (Salonen et al. 2010)3} boiling samples
(Peng et al. 2013) o] EglF|o] Jom HT} gypxoz
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Fig. 1 Analysis of taxonomic composition at the phylum (A), family (B), and genus (C) levels.
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Table 1 Portion of shared and unshared operational taxonomic units (OTUs) between microbial communities derived from freeze-dried and fresh feces

No. of shared No. of rare OTUs* in
Sample No. of read Total OTUs OTUs No. of unshared OTUs unshared OTUs
Feces] Fresh 36,203 256 206 50 (19.5 %) 38 (76.0 %)
Freeze dry 47,756 259 53 (20.5 %) 39 (73.6 %)
Feces? Fresh 50,659 420 259 161 (38.3 %) 112 (69.6 %)
Freeze dry 37,401 313 54 (17.3 %) 42 (77.8 %)
Feces Fresh 36,714 332 296 106 (31.9 %) 84 (79.3 %)
Freeze dry 33,672 301 75 (24.9 %) 55(73.3 %)
Fecesd Fresh 42,287 371 277 94 (16.6 %) 71 (75.5 %)
Freeze dry 29,671 317 40 (12.6 %) 31(77.5 %)
Fresh 37,191 340 82 (24.1 %) 71 (86.6 %)
Feces5 258
Freeze dry 37,471 301 43 (143 %) 33 (76.7 %)
* Rare OTUs: OTUs having only singletons
fastq LS O™, PEAR SZEo](Zhang et al. 20145 A FAA AASFAS] Singletonsi= Mothur A HF €

o]-g3lod assembly 8-S AX ZH7t shte] fastq A= A
o). Assembly® fastq 3L Mothur }0]3Z2}21(Schloss et
al. 2009)° w2t o] 24L& s s drgsiabd
Assembled sequences™= SILVA rRNA database (Quast et al.
2013)8 ©]&3t alignZd-S #1A, non-aligned sequencesE
A AsLFA T Chimeric sequencesi= UCHIME (Edgar et al.
2011)S o]g3le] A AL, taxonomic classification=
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version 102 ©]&sl Fadstgor, ol E3] M 2 dt
HElol2 EFEHA & AEEE AASNY. 2 A7de A

A)
500
Group
oo
Fresh_Feces
400+
o
2300+
(@)
200
100~
Feces1 Feces2 Feces3 Fecesd  Feces5
Sample

“splitabund”E ©]-&-3}] A| A3} 3L(Unno 2015), Operational
taxonomic units (OTUs)+ distance 0.03 (97 % sequence
similarity)© 2 Al4kste] EF/3II Mothurs B3 richness®}
evennessE YERHT= BT AR5 A7) flste] ARE-EHA
© ™, non-metric multidimensional scaling (NMDS)= ©AJ&
A" 7F ZfolE vlwslr] $18te] OTUs 7|REeR 53T
ANOVA (Analysis of variances) 2 AMOVA (Analysis of
molecular variancesy= AJEIEHS A x 2 vAYEAEE H|wst
7] 913k o ARE R ARSI

(B) L| L| *
15 }
10
c
o
12
Q
£
w\
[0}
2
g
£
5_
Feces1 Feces2 Feces3 Feces4 Feces5
Sample

Fig. 2 Comparison of ecological indices in fecal microbiota derived from fresh or freeze-dried fecal materials: Species richness Chao (A) and species

evenness inverse Simpson (B)
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Fig. 3 Distribution of low abundance (from 1 to 10) operational taxonomic units in fecal microbiota derived from fresh or freeze dried feces



J Appl Biol Chem (2016) 59(4), 299-304

303

z #

B oAgola Mg B oF 250mge BAARS A dry
weight’} ¢F 10 mgolﬂ%} A5 Ol5l], DNA &8 $8l 2
A% B 250 mgd F H 10 mgs ARSIt
MiSeq 7]9ke] U]*ﬁ%*@‘iﬁv‘?ﬁﬂ gk F87F B ST ut
g AT Foll o7 & Zlo] Ade] 7ksgh
AAE EE3= Fa%t 8_5: 7F HT B Aol AW
AHTS T3] LFH 0| W2 HEH| AlAAE IRISHL Al
A & F Yo HedF MZ]E&, AAelA thgsAl AME-
82 %)= DNA extraction kit (Kennedy et al. 2014b) H
PCR conditions (Ahn et al. 2012) 52 v|ASAYEEA Az}
of dFE mA F Utk B Qirk B AFolx AAdg
WS FAAES A 7 rAEAHEARE Fate] AAHQ)
u A= HslekA] ZUATE unshared OTUsS] 7} A4l
gk FHoA o @ol Uehhs 2E E9lEion, ol <l
species evenness’} AN O 7 Z7lsl= Ao E UEMETH
Caporoso (Caporaso et al. 2011) 9+EH2 E2 49| rare
OTUs’} mock community ¥4 ZAzjollA] ol Htiy B
3192™, higher sequence depthi= Al 4 <t AN =
T e QAR AEEE B Bol AT rEsidel Arkar
B3I cH(Kircher et al. 2009; Kwon et al. 2013). 28|22
1914 g FPHE AL Frherare OTUs 57+ &3l
ERH, )& species evennessoﬂ APHoR FJIFS Frh=
A& HAFET DNAE FE3P7] oldd B9 54715 A
3= AL o]9) o] QYA T A= AFPAE AN
T AL Folga AlEE). wEhA, B AgiM s EHE]
FA7xAe} 1 ::E"‘;"é.’gé 7IEEEHE =s g2 MiS
I AEAEEA M =2 deEEle] A A3E d

o] mu} o]q/]a_ AZ.9) Xl—ﬂy_:',]— 443 =
DNA —7_5%3 3 A AELS ARREe 5 8T
AFetr] Wit EHAES sA1% AlA UV@E Al

it
ﬂi
NF
t, >
N
r\r

>

_4

(€]
0

r°*'

_I_L i) :—‘ NIO
o 9%

2

PCR 2Heg o] &3 AlEAWY 5 lllumina SHECE A4
= T 10070 olde] 191A1 AlEATE AV, 28
gk Q9102 A== AlAZel 98] Operational taxonomic
unitsE 71RO R 3k nEAE] Wit B ELA A T
< U]?_‘jr. olg)gt FAIHC] Yol B3kl AN EAH]
£ A8kl HuminaollA AlFstaL e AlEAS T8 3
o8 ARgStaL o, Bgk a8F gL Z|Ne] BHnAdE
AR A RS e, B 23 717 B 2
W] Aol wat AolsiAl vrebdth B Aelxs A
9] SA0xIE AEL HolEe HEHE TSR H3
AL, o]F Fa EHAEe] sE7xAMEE AR
A TRE HS7IAE AT I9FoR AL
7FsAdol e AR FE AT Aew ERlFEHUT
mebA, FHCZHEH DNAS FEsb7] oo sAzxA =8}
© WS lllumina 71¥ke] EHAYEAEREA o] ARg-eh= A

F

==

2 Wy

Keywords SZ271% - ZHPAAEAE - 38z FAE A
A2 - Ry

A 2 B dye % &3 AFARI (FAME: PI009782)2] A
ofgl] o]Fo]7 o= A A AL EfYTh

References

Ahn JH, Kim BY, Song J, Weon HY (2012) Effects of PCR cycle number and
DNA polymerase type on the 16S rRNA gene pyrosequencing analysis
of bacterial communities J Microbiol 50:1071-1074 doi:10.1007/s12275-
012-2642-z

Caporaso JG Lauber CL, Walters WA, Berg-Lyons D, Lozupone CA,
Turnbaugh PJ, Fierer N, Knight R (2011) Global patterns of 16S rRNA
diversity at a depth of millions of sequences per sample Proceedings of
the National Academy of Sciences of the United States of America 108
Suppl 1:4516-4522 doi:10.1073/pnas.1000080107

Cole JR, Wang Q, Cardenas E, Fish J, Chai B, Farris RJ, Kulam-Syed-
Mohideen AS, McGarrell DM, Marsh T, Garrity GM, Tiedje JM (2009)
The Ribosomal Database Project: improved alignments and new tools
for rTRNA analysis Nucleic Acids Res 37:D141-145 doi:10.1093/nar/
2kn879

Dohm JC, Lottaz C, Borodina T, Himmelbauer H (2008) Substantial biases in
ultra-short read data sets from high-throughput DNA sequencing Nucleic
Acids Res 36:e105 doi:10.1093/nar/gkn425

Edgar RC, Haas BJ, Clemente JC, Quince C, Knight R (2011) UCHIME
improves sensitivity and speed of chimera detection Bioinformatics
27:2194-2200 doi:10.1093/bioinformatics/btr381

Hoffmann S, Otto C, Kurtz S, Sharma CM, Khaitovich P, Vogel J, Stadler PF,
Hackermuller J (2009) Fast mapping of short sequences with
mismatches, insertions and deletions using index structures PLoS
Comput Biol 5:1000502 doi:10.1371/journal.pcbi.1000502

Kennedy K, Hall MW, Lynch MD, Moreno-Hagelsieb G, Neufeld JD (2014a)
Evaluating bias of illumina-based bacterial 16S rRNA gene profiles Appl
Environ Microbiol 80:5717-5722 doi:10.1128/AEM.01451-14

Kennedy NA, Walker AW, Berry SH, Duncan SH, Farquarson FM, Louis P,
Thomson JM, Satsangi J, Flint HJ, Parkhill J, Lees CW, Hold GL
(2014b) The impact of different DNA extraction kits and laboratories
upon the assessment of human gut microbiota composition by 16S rRNA
gene sequencing PLoS One 9:¢88982 doi:10.1371/journal.pone.0088982

Kircher M, Stenzel U, Kelso J (2009) Improved base calling for the Illumina
Genome Analyzer using machine learning strategies Genome Biol
10:R83 doi:10.1186/gb-2009-10-8-r83

Kozich JJ, Westcott SL, Baxter NT, Highlander SK, Schloss PD (2013)
Development of a dual-index sequencing strategy and curation pipeline
for analyzing amplicon sequence data on the MiSeq Illumina sequencing
platform Applied and environmental microbiology 79:5112-5120
doi:10.1128/AEM.01043-13

Kwon S, Park S, Lee B, Yoon S (2013) In-depth analysis of interrelation
between quality scores and real errors in Illumina reads Conf Proc IEEE
Eng Med Biol Soc 2013:635-638 doi:10.1109/EMBC.2013.6609580

Li F, Hullar MA, Lampe JW (2007) Optimization of terminal restriction
fragment polymorphism (TRFLP) analysis of human gut microbiota J
Microbiol Methods 68:303-311 doi:10.1016/j.mimet.2006.09.006

Loman NJ, Misra RV, Dallman TJ, Constantinidou C, Gharbia SE, Wain J,
Pallen MJ (2012) Performance comparison of benchtop high-throughput
sequencing platforms Nature biotechnology 30:434-439 doi:10.1038/
nbt.2198

Peng X, Yu KQ, Deng GH, Jiang YX, Wang Y, Zhang GX, Zhou HW (2013)
Comparison of direct boiling method with commercial kits for extracting



304

J Appl Biol Chem (2016) 59(4), 299-304

fecal microbiome DNA by Illumina sequencing of 16S rRNA tags J
Microbiol Methods 95:455-462 doi:10.1016/j.mimet.2013.07.015

Quast C, Pruesse E, Yilmaz P, Gerken J, Schweer T, Yarza P, Peplies J,
Glockner FO (2013) The SILVA ribosomal RNA gene database project:
improved data processing and web-based tools Nucleic Acids Res
41:D590-596 doi:10.1093/nar/gks1219

Rapp D, Waller J, Brightwell G, Muirhead RW (2010) Lyophilization prior to
direct DNA extraction from bovine feces improves the quantification of
Escherichia coli O157:H7 and Campylobacter jejuni Appl Environ
Microbiol 76:1686-1688 doi:10.1128/AEM.01866-09

Salonen A, Nikkila J, Jalanka-Tuovinen J, Immonen O, Rajilic-Stojanovic M,
Kekkonen RA, Palva A, de Vos WM (2010) Comparative analysis of
fecal DNA extraction methods with phylogenetic microarray: effective
recovery of bacterial and archacal DNA using mechanical cell lysis J
Microbiol Methods 81:127—134 doi:10.1016/j.mimet.2010.02.007

Schirmer M, ljaz UZ, D'Amore R, Hall N, Sloan WT, Quince C (2015)
Insight into biases and sequencing errors for amplicon sequencing with

the Illumina MiSeq platform Nucleic Acids Res 43:¢37 doi:10.1093/nar/
gkul341

Schloss PD, Westcott SL, Ryabin T, Hall JR, Hartmann M, Hollister EB,
Lesniewski RA, Oakley BB, Parks DH, Robinson CJ, Sahl JW, Stres B,
Thallinger GG, Van Horn DJ, Weber CF (2009) Introducing mothur:
open-source, platform-independent, community-supported software for
describing and comparing microbial communities Appl Environ
Microbiol 75:7537-7541 doi:10.1128/AEM.01541-09

Unno T (2015) Bioinformatic Suggestions on MiSeq-Based Microbial
Community Analysis J Microbiol Biotechnol 25:765-770

Zhan A, Xiong W, He S, Macisaac HJ (2014) Influence of artifact removal on
rare species recovery in natural complex communities using high-
throughput ~ sequencing PLoS  One  9:¢96928  doi:10.1371/
journal.pone.0096928

Zhang J, Kobert K, Flouri T, Stamatakis A (2014) PEAR: a fast and accurate
Illumina Paired-End reAd mergeR Bioinformatics 30:614-620
doi:10.1093/bioinformatics/btt593



