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SUMMARY

1. Title
Developing a pipeline for analyzing polar metagenome sequences

1L
[ ]

III.

Research goals and background

accurate analysis of metagenome sequence data is necessary for better understanding
biological physiology and ecology of organisms in polar habitats

On behalf of development of next-generation sequencing technology, metagenomics
has been regarded as one of the big data sciences.

Analyzing big sequence data like metagenomes 1is still immature and not familiar to
most biologists.

Need to provide a good bioinformatics pipeline for metagenome analysis and to be
shared in KOPRI

Research stuffs and scope

planning to establish a bioinformatics pipeline for analyzing microbiome sequence
data

planning to provide bioinformatics tools to analyze microbial community structures of
polar samples

going to prepare a bioinformatics pipeline for analyzing whole genome shotgun
metagenome sequences

All stuffs we are going to do can be utilized for evaluating metabolic potentials of
polar microbial community

IV. Research results

=

conducting bioinformatics pipeline optimization for metagenome sequence analysis
preparing a microbiome analysis pipeline

preparing a shotgun metagenome analysis pipeline

preparing a user—friendly interface for metagenome analysis

integrating previously developed cognate tools to the current version of the pipelines

Application plan

Utilizing the prepared bioinformatics pipelines to analyze the big sequence data
produced from polar samples

Considering the upcomming development of single genome or comparative genome
pipelines, the integrated system will be wuseful for more deeply understanding

ecophysicology of polar organisms at genome and metagenome levels.
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£); 12) UniFracg ©]&3le 37 A1Z 2+ Community structure % - o2 FAE o]
ATt o] E EA3A o] o] Pipelineo 2 AZF o Qo] dul YESIAS0] &4
Al microbiome F71AHE HolEE EAT 4 AT fiEo] 9L

/ DNA from Rarefying
'kgnvironment) QOTU filtering
: I _ ) _ ¥ BLAST
Gene- Read length f,r"' Seqs & Z against NW with top l_!eads
targeted PCR recovery 7 quals — reference DB ——» 100 | sienedto
L - | | i processed (e.g., SILVA, taxonomy
l ‘[‘ _‘r[_ GreenGenes) Beta-
| ; ] y B diveristy
| Multiplexing Chimera Clustering Parsing by
(barcodes) removal with a L——» RDP classifier —» over 80% —
l . ! ¥y threshold confidence
;_equ & (e.g. 3%, 5%,
454 S auie I 10%, 15%,
Sequencing per 20%, 25%)
- Y sample / De novo MSA
l . ? Represe _—’ Ol i
: - o ntative MSA using | | PYlOBENELIC
/ ; / Removin
[ stifie o seq per NAST against _’ tree (e.g., NJ)
(image) e aTu reference DB
- L b (e.g., SILVA,
l . ? . #0TUs, GreenGenes)
' Trimming chaol, ACE,
sffinfo low quality 3' shannon,
| (conversion) tails simpson, )
- x £3 ) rarefraction UniFrac
. l- [ F-{emovi-ng (PCoA, Tree)
J st reads with '
J/ lsea+ S polynucleotid ;‘lphe-
/ qual) / i iversity
{ — -
Error correction ! | Trimming
I |
1 ¢ barcodes,
\(Ampliconnoise) | - linkers.and
: primers

% 14. Microbiome @714 4 dolg 4 MY workflow

O shotgun metagenome§ o] Zele A 5 Foll 9AF. Microbiomed HlolEf <}
27k Al 2 multiplex tagAl A 2 271G dlg A ZFPS AX FH, MetaVelvet &
< o] 83}o] short readsE assemblydte] contigsS A4k o] & ORF finding 7]%5 9]
2395 (d: MetaGenMark)2 AF83}e] structural annotationS 433}, Seed
subsystem, COG, gene ontology databasess-S ©]-&3}e] functional annotation <=3}
gk mpA|Et o 2 KEGGel contigsE A71A41E A= wat vlarste] &4zl metabolic
pathwaysell 374 f& §% A5 mapping®



Input —
Tri Filtering | —
Single or paired - Fiay:se Filtesing |-
fastq files
high-quality _—
reads
(fastq file) -
MetaVelvet
Extract unmapped Assembly
reads —
SOAPdenovo2 conties
(fasta ﬁle)‘
Annotation AI:
annotated
genes
(GFF file)
Output
1% 15. Shotgun metagenome
HE A S (=) [m]
M 3 & A7 L s 5
A 3-14: nfo]Z2H] & HIIA Y

71 AA A 22 gl
gAstE s S 3 o

=

=

Ao, AA N

PyroTrimmer. &% 471449 dAe] =19 AARA7I L2
Zl raw sequence readsolA PCRA| AFE-%+= primer A€,
barcodes), A€ 3° ¥y low-sequencing quality %<&
St F AR ES 9A e 222, 201249 o] 95 H(Oh et al. 2012). 1

Check reads
Trimmomatic
BMTagger
Picard
TrimBWAstyle

Check paires

T

FastQC

MetaGeneMark

Structural

Meta-RNA
annotation
tRNAScan-SE

Functional

annotation HBT-FEPD

Remove chimeric genes

teolE 24 Jhd =
A
24 sl zatel 75

tlo] g o] =5 mlo]| ARH|F(HEFA] ) 4] Tfo|L
X213 F, PyroTrimmer, CLUSTOM,
CLUSTOM-CLOUDS} dlolEH|o]2~ MycoDEE #4] 1}o]>

gkl A gh
AU o] &3 Ao
A MZ identifiers (.e.
S AAs AT 5 A=

Al R Bde AgA}F HJAS 1183t e] graphic user interface (GUDE A&

standalone 2.2 W& A}&o] 7S EE

=

= linux command

2ol Uz

(PyroTrimmer-1.0.jar) 7}

T] z}21.
Zg}el& Linux system in MacProolA % oA,
lineol| A A 38)s}=

s, 2

= A A FHT A Tt
wehA, 7] PyroTrimmerol A GUI
gk Algt ¥l JAVA Asiad



barcode+linker (5" barcode-+linker (3")
3 TargetGene g
- & _ =
primer (5') Quality control  Primer(3’) =
Tag FASTA Quality
Polynucleotide Discarding
error

Trimming barcode. Discarding|

linker. and primers

Conversion into
Linux command-
line version in
MacPro

Trimming low quality
3' tails

Discarding]

Il y echo "Running PyroTrimmer"
— _ echo "java -jar /home/ofang/programs/PyroTrimmer-1.0.jar -t $tag -1
(Slansucs for the} ( Collection of \‘

${stub}_cleansed.fa -q ${stub}_cleansed.qual -0 $path/trim"
\java -jar /home/ofang/programs/PyraTrimmer-1.0.jar -t $tag -i §
{stub}_cleansed.fa -q ${stub}_cleansed.qual -0 $path/trim

processed reads discarded reads

PyroTrimmer € 112|& (Oh et al, 2012) Oro| A 2H|& EAmto|= 2210 EFXY

CLUSTOM-CLOUD. CLUSTOM-CLOUDE U8 Q7IMEES AdfAteed wet &
= 7%, 971449 7R BEUGAE A el HE 7. 20139 Al Sy S
agkste], € TEIagw  dojs  olgste] TEIFS  Fdstal, CLUSTOM
(CLUSTering by Overlap Minimization)2.® W™ (Hwang et al. 2013). CLUSTOM&
QIME (Caporaso et al. 2010), Mothur (Schloss et al. 2009) o ©AE 7|+
clustering &1 e]&y vlwste] Haeo ASLE B, kAW, & A7|4E HolH
& A et=d 1 Azl AEar, B A|2E HEEEE a8k dRo] ARE. ol E
B eket7] #1@ll, cloud computing #73°lM &4 4 U= CLUSTOM-CLOUDE 7§
st (Oh et al. 2016). ¥ FHA A= vlo]A2H|2 B4 wto]xZgelo] H Q3 clustering
TR IS CLUSTOM-CLOUD® ®AlSh &4 dto]zeiele] HAAd " Aol &
A+ single-server system (MacPro). wW&hA, ‘CLOUD’ #4F A4l 750 A s
I Sl= AEHY. kA, 7] CLUSTOM-CLOUD® A ‘Server’=‘Client’ B4l 7]5& wj
, &Y AL 9] command-lineol A A 5= Q= JAVA WA Jidstar, vho]la =
Hl 2 A dho]Zeflo] =g

rir

M A



Single-Server {7 CLUSTOM-CLOUD input Fiesystem
16S sequences data file

- Removal of duplicate sequences
Transform k-mer into

Clus ter T numeric values
() Cluster  Cluster C -
ﬂqgg‘r— Node 2 : In-Memory Data Grid
swum [nsk Tracker i Backup || TASK Tracker 1—————-; \ App lication — s Z
i i s||g u) Py
! I 8|8 8 8
= i~ Job Tracker =] 1=][= =
| Glmer | T
B Bacup | [7ASK Tracherls ! | (&) Distribute Task
! ‘ I 11 1]
1
[ Partition 1 | Partition2 [ Partitions | - (® Merge

Overall Data J

[ (C) Determine Initial Clusters ]

MH{-Z2I0|HE

(D Distribute Task
Ll
[ (E) Merge
[ (F) Determine Final Clusters ]

Create Output Files

Output Filesystem

Sequences per OTU (FASTA),
Representative sequence of OTUs (FASTA),
Number of sequences per OTU (plain text)

Oh et al, 2016

HEHX & 24 AH (MacPro)

echo "Running PyroTrimmer"

echo “java —-jar /home/ofang/programs/PyroTrimmer-1.0.jar —t $tag —-i ${stub}
_cleansed.fa —q ${stub}_cleansed.qual —o $path/trim"

java —-jar /home/ofang/programs/PyroTrimmer-1.0.jar -t $tag —-i ${stub}
_cleansed.fa —q ${stub}_cleansed.qual -0 $path/trim

echo "Running CLUSTOM-CLOUD, for single-server"
echo "java -jar /home/ofang/programs/clustom_cloud.jar -p $input -c 0.@3"

#echo "Extracting represent sequence"
#echo “java -jar /home/ofang/programs/ExtractRepresent.jar —-p $clusterpath”
#java —jar /home/ofang/programs/ExtractRepresent.jar —p $clusterpath

<ulo]|m B H|L BA Io)ZgQl scriptdlA] PyroTrimmer — CLUSTOM-CLOUD - OTU

CEZEIEC S

CLUSTOM for Fungi + MycoDE database. 2013 7§&% CLUSTOM¥} 2016\ 7
¥ CLUSTOM-CLOUD (Hwang et al. 2013; Oh et al. 2016)& =¥ {31 E-2] small
subunit of ribosomal RNA A4S S ~EHH s17] 18] A2, A, I E TS
T8 4= 21+ conventional distance cuffoff 3%°] TS Z2a30] X3 = M E
zFol 7} 3% wRkel A$-, 7] CLUSTOM, CLUSTOM-CLOUD >~ =z13& o83t <
Aot AN, FHolE 3 #H9 Ag, Al @] large subunit of ribosomal

) GNAEE = 54 2 v‘i'—‘TEr o /\}%9 (Schoch et al. 2012). &+, A&

ofl

gene (LSU



Bl iofell A, SHEMEA A S B ofdel, nAE MIdE et Favt
<7} U?E]r/ﬂ, HEFAVNAIAZHORRY A dF LSUMLES Bet Sel=EH
aof, MES 7 O AFE AL a7t Sd. of& #18l, 2013 el /e
CLUSTOM CAo] 223 =5 A3}, clustering sequence distance cutoff®] 3% Al
3k AAS A 4 FdE, 2233 “CLUSTOM for Fungi”& cutoff A|gko] glo],
LSUAY Fg2gHo] 7M. AXEEES wEA d7] 8, pairwise sequence

alignment using the Needle algorithmS W A|3}7] 93] k-mer distanceES =9¢.

k-mer distance®} pairwise sequence alignment?} congruenceE FHW3}3}+= k-mer
sizeE AA37] Yal, AN E 9 oF NGS A<EL 10055, random samplingd}o]
(sample size = 1,000 LSU sequences), k-mer sizeE 3%E 157} H}FGEHA
pairwise sequence alignment®} k-mer distance?} congruenceE A4t 1 A3}, AF
LSU AL A9, dAAMES 16S rRNA ALy 2 (7-mer in prokaryotes), 9—mer
A u 7 £ A3E HolF. 2AM, 9-merE k-mer distance ol H A3} glow

°o]-&

Parameters & threshold optimization (k-mer size)

LSU rRNA for Fungi

16S rRNA for Prokaryotes
(Hwang et al. 2013)

w 9-mer !!
o, 095 0.96 LR,
§ 0.904
g 0.85] ’\ 7
] 0.94
® 0.80 ///
s max
S 0751
< 0.92 /
3 o070
E 065 97% similarity cutoff, fixed
) 4 0.9
0.005 il
e = ] —o-V3-5 0.88
3 00041 - V6-9
@ 0.003-]
o 0.86
5 00024 X axis: similarity cutoff
@ 0.001 . Y axis: congruence
0.000 — — between k-mer and PSA
3 4 5 6 7 8 9 10 11 12 13 14 15
0.82
k-mer size 0.965 0.97 0.975 0.98 0.985 0.99 0.995

ANEGolAor AAYE HZ3E parameter k-mer sizeE 243 & CLUSTOM X=&
vy = W7 3}aL, conventional distance cutoffgte! 1%= AAst], 47 &

GNLe YEHor FeaHY T 5 AUS. I FRE Add 2 2esH

Ky
I
il

% operational taxonomic units (OTUs)o| ™3+ taxonomic assignmentE =3 s+ n}ptg-3t
sequence database”’} §lv AA. v E] AH9, FHe SILVA database, W =1¢]
ribosomal database project (RDP) & Greengenes & tFsh ‘A FE=9l=" DBs7F 9l

A, #F2 A9, RDP for fungi — DB7} QA% A L7t dojx= Aoz & A,
oo, B AFEo| = MycoDEE Y dolgHo] 22 A /e, o] S violaw



LIRS

g =0l TRAET}

u} o] 3

A=),

CLUSTOM for Fungi =213

C| Clustom.c*

L 11Y
120
121
122~
123
124
125+
126
127
128
129
130
131
132
133~

h 134

5135
136
137
138

5 139

T ) 4
start_cutott = 1 -
end_cutoff = 1 -
initial_cutoff = 0.99;

/%
initial_cutoff = 0.97;

atot(argvicnt+3]);
atof(argv[cnt+4]);

Zhlof] ¥A13t (MycoDE+ 7]<& =]
“CLUSTOM for Fungi'E E&f dojd, 7zt
S MycoDE DBl BLAST3}e], A3k taxonomic assignment ZHE

if(start_cutoff > 0.971 || start_cutoff < end_cutoff)

{

printf("Supporting only 3%~10% distance\n");

printf(Chelp);
exit(@);
}
%/
if(end_cutoff < 0.899)
{

printf("Supporting only 0%~10% distance\n");

printfChelp);
exit(@);

}
sprintf(cmd, "mkdir %s",tfolder);

SEEENERE DE

)=
4]

o]

sho] 2

a}ol
Zhelol gHA).
THE deFATIEA

command-line version&

2)

CLUSTOM-CLOUD+=

Lkl

Zuld

computing

Z¢ data grid @A 7|5<S

=
=
wAg

nlo] g 2H|E EA vlo|=Za}el workflow. M2 5% o]

& Lol A
98 CLUSTOMZ
- 1), 2), 3)=

=1

ol zjlel] A4

71X<4) raw data file

command-line version<

e B

=]

CORT T o

2 4

ek 2)

7%
A 2]

server—client A 7],
W o] A= Y
A= B9k oty 4 RFHE
il=lasi

°]-&

3t
RIS
B4 g

resource’} ©d

7 A&

=
S8, mhol A=

H71M <

RDPol| H]&] %

] 55}

& delg Al

Taxonomic assignment from MycoDE

Cluster

CL1981_IOAIYA001DHDUS
CL1981_IOAIYA001DHDUS
CL1981_IOAIYAOO1DHDUS
CL1981_IOAIYA001DHDUS
CL1981_IOAIYA001DHDUS
CL1982_IOAIYAOO01DXBAI
CL1982_IOAIYAOO1DXBAI
CL1982_IOAIYAOO1DXBAI
CL1982_IOAIYAOO1DXBAI
CL1982_IOAIYAOO1DXBAI
CL1983_IOAIYA001DJA6Q
CL1983_IOAIYA001DJAGQ
CL1983_IOAIYAO01DJAEQ
CL1983_IOAIYA001DJAGQ
CL1983_IOAIYA001DJA6Q

AA AL 2o g
Y& o=, 1) 7] graphic user interface&
X233 PyroTrimmer:
o2 A/MEE o] AF wlo|FARH|L RBA Fo|x
A1 (MacPro)<!
Hom ¥
L2 shol
1

axi
PN
T

I
ol
A1

=]
T

=
°o 3
=

=
271419
ERY

ol 2

g0 & o] 2=
JELRE

a

A,

53}, =
OTUS] ML
d= 7 UAME

Species Accession
Cladonia chlorophaea_s1 EF489927
Cladonia pyxidata EF489926
Cladonia peziziformis AY756320
Cladonia chlorophaea_s2 EF489928
Stereocaulon alpinum EF489952
Usnea hirta AJ457151
Melanelia hepatizon DQ923667
Usnea ceratina AJ457142
Cladonia peziziformis AY756320
Cetrelia chicitae DQ923658
Exophiala dermatitidis DQ823100
Phaeomoniella capensis  FJ372408
Thelidium incavatum EF643780
Verrucaria hochstetteri EF643795
Verrucaria lecideoides EF643798

il
3l

zejel e

o] B ] o] 2

MacPro©°l A

A=,
¥ physical memories
Zeploll FA, 3) ek
AA 87l S A, dF AL
MycoDEE 3}
__]_§]_ '61—

= vEAE

E]_O

2%

linux
of HA,

71

1 NGS (H&%4
3) PyroTrimmer?]
Ad A2, 4) CLUSTOM-CLOUDE ©]&3 Ad

2]), 5) MycoDEE ©]&3 #F OTUs<]
g - o] 57} stepe® Ao Utk OTUs A4 ©%, ol downstream ¥4 (ol:

linux

community structure, alpha-diversity indeces#l%t )2 R packages, QIIME, Mothur

\=ge)

o =

°]87ts



H7IME Y2 =Y

oo O3 2H|E -f(spec:es).
M OIO|Z2IQl SEE S 0

EH%EJ °.=”.'7|*‘|°a“' @(ﬁlustering
@ Chimera &7
5'-GCAGCATGCAGGCTT-3'
HOH Z2EZ X

a2 > Bx} 5'-GCAGCATGCACCCTT-3

AGCATG "

CCAYCCACCETT 2!
= T =

CAT... @ Annotations

oY=t

Tag trimming
AZ o md - Real DNA
,Removmg il

——
i 5'-GCAGCATGCAGGCTT-3'

Tag (barcode+primer)

Il
Step 1. NGS (8FA 7|4 F) raw data file ¥ 3+

Tl | |"|'
\ll.'llll!i i
if [ ! ~f ${stub}.dat ]; then

echo "FlowsFA200KeyDistance.pl $primer $stub $key $barcode< ${sfffile}"
#FlowsFA200Key.pl $primer $stub $key < ${sfffile}
#FlowsFA200KeyDistance.pl $primer $stub $key $barcode < ${sfffile}
#perl
/home/ofang/programs/AmpliconNoiseV1.25/Scripts/FlowsFA250KeyDistance.pl
$primer $stub $key $barcode < ${sfffile}
perl
/home/ofang/programs/AmpliconNoiseV1.25/Scripts/FlowsFA200KeyDistance.pl
$primer $stub $key $barcode < ${sfffile}
fi

Step 2. 97144 g A

if [ ! -f ${stub}_U.fa |; then
echo "Getting unique sequences-FastaUnique —in ${stub}.fa > ${stub}_U.fa"
FastaUnique —in ${stub}.fa > ${stub}_U.fa

fi

if [ ! -f ${stub}_U_Lndist ]; then
echo "mpirun —np $np NDist —i —in ${stub}_U.fa > ${stub}_U_Lndist"
mpirun —np $np NDist —i —in ${stub}_U.fa > ${stub}_U_Lndist







‘Step 3. PyroTrimmer®] linux command-line versions ©]83F A& Z* <] |

Step 4. CLUSTOM-CLOUDE ©]&3 Ad Fe2=HE (a3 4742 &4
& 22

578

Step 5. MycoDEE o] &3 7 OTUs9 &

A 328 AFRAA HEebE G714Q B4 vl Zeal 7

Sthogun metagenome ( Z =
7ML S ABEEE A %Ei E1r. E}E}H, ‘%% fFraze] & S
‘whol A =] vfo] ZeEelel| ] af, el ofsf it = A
b SR A £, B A /N nlol ARH g B4 e, uS He

¥ 2&
°-|~
rﬁi
i_r"
JL
B
i“
rlo
rlot
o
= o



i gd& B8] e, A9 ZH(sequence assembly)¥Ao] Q.
BA1 Al d#Y computing resources (CPU, physical memory)7} 28
5

]_
& A%, AnAow vholazulg A Hal, ¥4 sbge] Bgsta, 14
[¢]
a1

HEIX]= H7IME 24 & XH0]

| |Assembly-based | Mapping-based

Contig Longer Shorter (reads)

Accuracy Better Worse

Running time Longer shorter

RAM memory More Less
9 FolA & F dxol, ‘assembly-based” W= Illumina short reads& F§3s}o,
Jfdg o2 Aol 71 contigsE WHES] Wit o]g€ A 71 contigsi= short readsell H]3|
A7 ARFo] wol, 7} sequenced| Ul functional annotation JEEE =Y F
ATtk ¥4, contigE THEO] W7l fEiA = AAHE R E Dllumina short readsE FH31H
m 2o &#loF 3}, assembly ZA oA reads?t connection graph@HE AAtst=d)
= kel w=E 7k dastA "k AA, NCBI SRA SRX3549446 (short read

archive)ol /] Hawaiian river soil®]l t 3} shotgun metagenome sequence datas W&
kol (1 Ilumina MisEq run: 3.7 Gb, 250 bp paired end), assembly-based H+HS
dAHoz AE3 = A=A HZEEIGY. A9, 959 36 cores intel CPU, 1
Terabyte memory® 1A% Avlel, dAq7tx 714 AE3char 242 metagenome
short read assembly program@! ray meta (Boisvert et al. 2012)& A X|3}aL, public
test sequence dataset®l SRX3549446% & X kTt

Table 1 Comparison of assemblies produced by
MetaVelvet and Ray Meta

MetaVelvet  Ray Meta Shared

ERS006494

Reads 372,147,956

Scaffolds® 50,136 56,363

Total length (nt) 150,904,880 156,075,852 130,979,321
Average length (nt) 3,009 2,769

N50 length (nt) 6,141 12,117

Longest length (nt) 146,549 570,359

(Boisvert et al. 2012)

1 A, Y assemblyE EuWl=d oF 3.3A)1%F (12,000 secs)e] ALQFHAaL, oF 120



Gb9 RAM memoryE Z 22 3}3it}. SRX3549446°] 3.7 Gbol”| witel, 3.7 Mb =7]
o] AL 10007 A% A|@AZ 9Fo|th. =, so0il9] natural microbial complexity (5°
W= ut cells)S 11#39S W, SRX35494468 v+ ZS shotgum metagenome
data?} & 4 9o} agd % B35k, 120 GbY RAM memoryE Q78tE AoZ W
o}, B 37]9] shotgun metagenome sequence dataZ #43}7] $J8A+= 1 Teraw ©|
Abo] XS ABRkdoe] Hodk A, AA FH|EHo] = MacPro (12 Cores CPU
+ 64 Gb RAM memory)ol A assembly-based approachZE o]|&& 4= Qith= 229 o]
253, Yotow A= "X Aut Aol computing AHYS Q75 AREELE
-2 ‘mapping-based” FLMs AEF o] LS AASHA, AL BT AFE
Qar, ARgR HYAS =F3tsk Biobakery package (Lloyd-Price et al. 2017)&
MacProo +%3t7|2 A4S

Al 22|0|M: sequence assembly of SRX3549446 (3.7 Gb soil data)

o —— contig: 7828000003 vertices: 111 averageCover
Rank @ objectName: 7750000014 => peakCoverage
contig: 7645080018 vertices: 112 averageCover
contig: 7458000024 vertices: 114 averageCover
Rank 7: gathering scaffold links [8001/18851]
Rank 8 ineligibleObjects: 8/111 (0.00%)

Rank 7: assembler pjamory usage: 1311396 KiB
contig: 800080AGA7 vertices: 111 averageCover
contig: 7953800021 vertices: 109 averageCover
contig: 7908000012 vertices: 112 averageCover

3.3 hours

Accumulated secs

Running time (sec)

. _As's:embling.one of contigs, 1.3 Gb required

* For a small sequence data 3.7 Gb, 125 Gb RAM required

HEHR|S H7IMY 24 Mt Ko

A-ssembly-based Mapping-based

Contig Longer Shorter (reads)
Accuracy Better Worse
Running time Longer shorter

RAM memory More Less

Biobakery. tl8% HWEAE Q7IAE 4 Hd8, 2 AF"HAA 7] FF9 2
assembly-based approach& ©]&3le] wlo|xzel 7fEE & Aol 5. v, 22

1% ray metas & Illumina short reads

a [kl
[oS)

10)]

w

D

=i

o

<

QL
N
o

ol
X
rlr
)
oo
ot
= |
&,



22 (d: RAM 1 terabytes)E BAIsH AXAWMZE sty HAAE T FUo
MacPro (RAM 64 Gb)Z& Aibe] E715. o]d, assembly-based A<W-& Wi, 4
o2 RAME A7 AW|3E= mapping-based FAWS A9E. mapping-based
approach®] 7 -$-ol%, assembly-based®} m}zH7FA 2, A8 Ax]¥], contig binning for
taxonomy, ORF finding, functional annotation %34l 283 vyl sequence
assembly ™21, previously published prokaryotic reference genomes®l Illumina short
readsE mappingdts= F-Ho] o, AHHE oY sortwareS QZA3ste] A do|Zglels
T3 4 IAFE 20179 Nature#] Article®2 A7]% Biobakery package (LLloyd-Price
et al. 2017 AAS7|=Z AA. ol £ HA9 AF XX F 32, ‘microbiome,
shotgun metgenome 4] I}o]Zz}el F3t :rL ' CAREAF WOl S alE gk A Tfo] iz
2l S FAl HSAA = e A4 bioBakerye obgl IHAME & 5 A%
o], HUMAnN, MetaPhlAn, PhyloPhLAN, PICRUSt S5 s o 1071 ke Al
2oz FA4%. =, bioBakeryE A X3}, microbiome, shotgun metagenome
Al 2ok ] Z2aE o] & & A H

Mapping 7|%t shotgun M|E}X| 5 E4] mjO|ZE}Q 5

Metagenome

-Ray Meta Contigs from \
Sequences Eﬁz:{‘):::(és ‘ read assambies |

J . "\\__ f sSembly_based I|
o r\RTlLLE mapping-based .., _

°
o® Strains, functions and dy namlu m the

Shotgun

|

Uniref, Pfam, ,l

Subsystems, KEGG |
Functions
metabolisms

bioBakery¥ MacProWl linux374 ol Axg 7}”9173 Oﬂ /‘1 T o], WA
VirtualBox rpm< Uh&&EE= HbolA MacProol| A Xx&. BioBakery”} 7H‘?—~} 2 gAl9
system 274, Z18]32 A3 linux2] 2Fo] (bioBakery: UbuntuolA 7i), &A1 Mac9]
linux system version &, linux &%, version z}e]=Z 213], o8] system librarieso] =
Zo] dojd. VirtualBox A A, linux system¥} virtualbox?} system library dependency
a4, VirtualBox #lolA 55+ /W87 Vagrant A, 738704 9] shell g4 <1

Homebrew AXE ofg] A8 S 7 A 283} o] 3 shotgun metagemome 7|4 <L




Ao FQask oy AZEAE FHol F BioBakery packageg AlZ=Fel A,
Public sequence databased = NCBIlA shotgun metagenome sequence data
SRX3549446 (MiSeq 1 run &%, paired end, 250 bp)E Th+=ZZ W} bioBakeryE
218 71 A3, bioBakery ZE13¥ W59 python scriptsol A critical errorsE WA, ¢
o1 #4] A3} bioBakery©l ©]-&% python modules ($+4)& package 7|3 GAlQ] g
HAdl, &4 MacProol 1+ python modulese 4l W, 184, bioBakery python
codes= FAFsA, 9 pyhon modules®] &<+ A4 modules® W= © Z-$, 9 version
© % downgradingd] . ©] &, bioBakery? EE 7|59l Ao g Folzt
Biobakery & A|AH 24 =4

MtuslBor &i¥  Liatary dependency Vbox installed

bioBakery

A meta’omic analysis
environment

= e [

SRX3548446: Shotgun metagenomics of a Hawaiian river soil
1 ILLUMINA (lllumina MiSeq) run: 7.4M spots, 3.7G bases, 2.2Gb downloads

humann2 --input ./data/ data.fastq --nucleotide-d|

i g2ls2& Jf*FQ%DIIMEI shell

01 /home/Linuxbrew/data/humann_out

Downgrading python modules

CRITICAL ERROR: or executing: /home/linuxbrew/.linuxbrew/bin/metaphlan2.py

BioBakery Al&d# o] ¥ H|2E. Illumina MiSeq single run®l| 3]9d3}= SRX3549446
datasetE bioBakeryE MacProol4l &%. & running time< ¢F 17.2 hourso]al, o}Zj
g Ze B 4 9d%e], Hy < 15 Gb (max = 37.6 Gb)2] RAME AH|3h
SRX3549446+ 3.7 Gb size® 3.7 Mbe] vAE FAAE 10008 ¢1 <. =, HEHA]
AN Z) Qe vAE AE 1,000705 92 3. MacPro2 RAMe] 64 Gb°]7] Lq1
oll, MiSeq 1%l 8@ 3}= shotgun metagenome datax &3] EoF & 5 3 o]
. wkeF ] 2 data®] 4%, hard disk®] swap E#A A 4 AL 4 «]

S

l:i

Q1 A3}= gene family abundance®} pathway coverage spreadsheet ZA3}=
+. Gene family abundance sheet> AA| 27 AZo| EAst= FHAe] T/ o
of, Zt FAATE A A FH Aol ARE Algal vk SRX35494469] 7
Mte] vfolei 2 7y #H ¥ {425 (49! protein C packing viral DNA into phage

procapsid in the late stage of viral infection; spike proteins detecting types of



bacterial LPS and determining phage host-range, etc)o] w-¢- & HIE2 e, &
3l pathway +4] Z3E HW, SRX3549446 (Hawaiian river soil)9 4%, F&
primary metabolisms®] 2% WEld. 53], cytochrome©] %o] LElL}, olnl 317 A=
o] 2ka7F Hol ¥ soil samplel= oW, H3 Pyruvatedl Al F= AgH/do] dojrt
+ branched-chain amino acids (¢l: leucine, isoleucine, valine) ¥/gel] #HH
pathway”7} Z3HAl YERE. =3 TCA cycle 117} 919, soilt] 2]& ¥2] associated
o] A4S ou]. 18] 1L, aerobic respiration [[3= yeasts eukaryotic microorgnisms
o ost AMASEE, T soil sampleo A &3S 1], Incomplete reductive TCA
cycle©] 09, reverse TCAol 2]3%F CO2 (carbon dioxide) fixation®] ¥o] & % A5
S 9], 9]+ soil sampled] autotrophs®] EA& 7S 27|, Sulfur oxidation®] &
o}7}FA, hydrogen sulfide”?} sulfite, sulfate® AF3lEA], FH njAdEo] sulfateE
electron acceptor® 7|53 A& 4% 9 a1, ROS £3] hydrogen peroxide 3-4F3}
(H202 + 2H+ -> 2H20)e F4E AT 7= As

Shotgun metagenome simulation on MacPro

4000000 37605 Gb @ blOB;—] kery

A meta’omic analysis
environment

20000000

14.9 Gb

15000000

Memory usage (kb)

17.2 hours

30000 40000 50000 60000 70000

Running time (Secs)



Shotgun me

tagenome®Ad

(Hawaiian river soil)

Abundance of gene families

# Gene Family
UNMAPPED
UniRefo0_d

UniRef90_W0Z7D8|unclassified

UniRef90_T3iRN4
UniRef90_T3IRN4|unclassified
UniRef90_ACAD24DGVS

UniRef90_AODAD24DGVS5|unclassified

UniRef90_PE9172
UniRef90_P69172|unclassified
UniRef90_T3IKD6
UniRef90_T3IKD6|unclassified

21}

sra_data_edited_Abundance-RPKs

14695635
2899.25489
2899.25489
2407.30122
2407.30122
221547191
221547191
1634.40343
1634.40343
1395.94646
139594646

Pathway coverage

Pathway

TCA cycle (prokaryotic)

aerobic respiration | (cytochrome ¢)
L-isoleucine biosynthesis | (from threonine)
pyruvate fermentation to isobutanol

L-valine biosynthesis

TCA cycle Il (plants and fungi)

adenosine deoxyribonucleotides biosynthesis
guanosine deoxyribonucleotides biosynthesis
aerobic respiration Il (yeast)

pyrimidine deoxyribonucleotide phosphorylation
L-isoleucine biosynthesis

branched amino acid biosynthesis

gondoate biosynthesis (anaerobic)
incomplete reductive TCA cycle

pyrimidine deoxyribonucleotides biosynthesis
adenosine ribonucleotides biosynthesis
5-aminoimidazole ribonucleotide biosynthesis
sulfur oxidation

Coverage

0.80935223
0.88330321
0.83434502
0.83434502
0.83434502

0.7164802
0.66028945
0.66028945
0.68009783
0.62969263

0.2919801
0.29182674
0.17748072
0.02853405
0.03316819
0.01999559

0.0289504
0.00024085

M 4 & A= 2845 2 7|09k
ATEE A& 9= ] 7)o =
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24 dEAs| spelzaa 75 C | seed) 2%
SN B -A4a Algdolds F3ll, nlola=EH|H
ol zapel = B2 parameters & threshold:zq Xﬁiﬁr
] - shotgun metagenome 4] 3}o]Zg}el
= Sho;guir:jetaginome 2 microbiome+ shotgun metagenome
B | 100% | stelsee gg 7
az - AFEAF Aol S 1 A o] =gl
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