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THE METAGENOMICS PROCESS

DETERMINE WHAT THE GENES ARE

(Sequence-based metagenomics)

, Identify genes and metabolic pathways
Compare to other communities

, and more...

Extract all DNA from
microbial community in

sampled environment
DETERMINE WHAT THE GENES DO

(Function-based metagenomics)
,  Screen to identify functions of interest, such as

vitamin or antibiotic production
» Find the genes that code for functions of interest
and more...
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HESR T HT AR
o #H 4% 1t (FastQC)

=

Filename SERE09158_1. faztaq

File twype Conwventional baze calls
Encoding I1lumina 1.5

Total Sequences 16350654

Filtered Sequencez 0O

Sequence length 100 .
%0 51 . o
o ##EF A (DynamicTrim.pl, LengthSort.pl)

perl DynamicTrim.pl -o ./fqfilter SRRE0919%9E_1.fastq SRRE09198_2.fastq

perl LengthSort.pl

Filename read 1.fastqg :

| Nessure [ value fr—eeet e eces fH%ﬂ s

il

File twvpe Conwentional base callzs
Encoding I1lumina 1.5

Total Sequences 11628541 o

Filtered Sequencez 0 2
Sequence length 100 :
s = { i B EEENENEEEDSSNSN-




5 %| De novo assembly (SOAPdenovo?2)
o # z Contig x #

#maximal read length
max_rd_len=100

[LIB]

#average insert size

avg_ins=200

#if sequence needs to be reversed
reverse_seq=0

#in which part(s) the reads are used
asm_flags=3

#use only first 100 bps of each read
rd_len_cutofi=100

#in which order the reads are used while scaffolding
rank=1

# cutoff of pair number for a reliable connection (at least 3 for short insert size)
pair_num_cutoff=3

#minimum aligned length to contigs for a reliable read location (at least 32 for short insert size)
map_len=32

#a pair of fastg file, read 1 file should always be followed by read 2 file
qQ1=/path/~LIBNAMEA™/fastq1_read_1.fq

g2=/path/LIBNAMEA™/fastq1_read_2.fq




5 %| De novo assembly (SOAPdenovo?2)
o Assembly

%{bin} all -s config_file -K 63 -R -0 graph_prefix 1=ass log 2=ass.err

User can also choose to run the assembly process step by step as:
step:

%{bin} pregraph -s config_file K 63 -R -0 graph_prefix 1=pregraph.log 2=pregraph.err
OR
%{hin} sparse_pregraph -s config_file -K 63 -z 5000000000 -R -o graph_prefix 1=pregraph_log 2=pregraph.err

step2:

%{bin} contig -g graph_prefix -R 1=contig log 2=contig.err
step3:

$4bin} map -s config_file -g graph_prefix 1>map.log 2>map.err
step4:

%{bin} scaff -g graph_prefix -F 1=scaff log 2=scaff err

Contig Scaffold Length Contig Scaffolds

Size_includeN 269472205 270556143 >100 480523 444655
Size_withoutN 269472205 268838613 >500 45519 50481
Number 1753401 1712316 >1K 14122 15908
Mean_Size 153 158 >10K 317 361
Median_Size 100 100 >100K 0 0
Longest_Seq 98903 98903 >1M 0 0
Shortest_Seq 100 100

o Phit K & X F500bp#contigi#t i1 T 5| 4%
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rRMNA prediction

tRMNA prediction

orf prediction

function annotation

pathway annotation

sequence info

quality control

filtering sequence

taxonomy binning

OTU finder

format conversion

clustering

rRNA prediction

tRNA prediction

orf prediction

function
annotation

pathway

annotation

sequence info

| cd-hit-est
ed-hit

' h-cd-hit

| cd-hit-454
j blastn_rRNA
hmm_rRNA
1 tRNA

il orf_finder
metagene
fraggene_scan
| cog

kog

prk

pfam
tigrfam

kegg

: fna_stat

: faa_stat

| fast DNA clustering

:“protein clustering

:“hierarchical protein clustering

E“'Filtehrir'lg 454 duplicate reads

:“rRNA prediction by blastn program

:“rRNA prediction by hmmer 3.0 program
E“tRNJI!‘\ prediction by tRNAscan-SE program
;“orf prediction by six-reading-frame technique
;“orf prediction by metagene program

;“orf prediction by fraggene_scan program
:“protein function annotation by COG database
:“protein function annotation by KOG database
:“protein function annotation by NCBI PRK database
:“protein function annotation by pfam database

| protein function annotation by tigrfam database

pathway annoation by KEGG database

statistics of DNA sequences including length and GC content

statistics of protein sequences including length

-~ X 4% Fastats R,
ok X gzih X

quality control

qc_filter_fastg

e M Bt gt fasta+quality format

trimm

- removing reads with low average quality for a read with fastq
| format

5 trimininq the low-quality tail of iIIumi_na reads

removing reads with low average quality for a read with

filtering sequence |

filter_human

| filtering human sequences from reads

conhversion

v rdp_binning | taxonomic binning by rdp classifier program
| taxonomy binning | T
frhit_binning | taxonomic binning by frhit program
| OTU finder | cd-hit-otu OTU finder by cd-hit-otu program
f t
s fastq2fasta | converting fastq file to fasta file
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Home Server [ Results | " : Contact Us

l clustering
[ rRNA prediction ORF prediction (metagene)
l tRNA prediction This program predicts ORF by metagene program.

orf prediction

inputs:

ff_find
s (1) DNA FASTA file (required)

(2) Email address (optional)

fraggene_scan

Outoubs
=

function annotation

output.ziplincluding the following three files
pathway annotation {1) README.txt: description of the three output files
(2) output.l: Predicted orf files in FASTA format

(3) output.2: Table of information of predicted orfs

sequence info

quality control

Usage of web server:
filtering sequence

(1) Select the DNA fasta file in user's local computer. (required)
(2) Fill in user's email adress. (optional)
OTU finder (3) Click "Submit™ button. (required)

taxonomy binning

format conversion

iﬁ)\contlg > 500bp ﬁ§ Sequence file to upload (required): | e

Fasta i‘#‘ | Email (optionall: | 1
Submit |

Show an example

L4 x5, & Fjob
; & [ Your job has been submitted. Your job id is 34513020130619064342017238. You can check job
status, T %{,iii% ° | status. Once it is done, you can download output file.Thanks.
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The status of each submitted job can be tracked using the unique job ID. Result of
completed job can be downloaded from here.

Mumber of running jobs: L. Number of waiting jobs: 0
'TT #{4 ﬁi& The status of job 34513020130619064342017238 is COMPLETE.
> Download the result file: http://weizhong-lab.ucsd.edu/metagenomic-analysis/output/34513020130619064342017238/output.zip

Check another job:
Job 10 | | submit |
Load an example job id

Output 1 Output 2
»4675112.1 fsource=4675112 fstart=1 fend=501 /frame=1 /length=1&7 #0RF source_ DNA start end strand length
KNRIHEFLNILWDGGAIYITGRQGEN I SKGLLIKENVATGERPSGEENT FYTDEESENIELEKNVSIHNE 46§75112.1 4675112 1 5ol L 167
IGVIDYGPPSEVGDPLEYPPY SIANDVEYGSIMGGECI TYGDLEYRENYWLEGSLENT IVFNNFLINSLVG 4675114.1 4675114 49 t01 i 150
FPPYSYQGFFDICEAVIDGVSYPENLS
»4675114.1 /fsource=4675114 /start=49 /end=501 /frame=-1 /length=150 4675116.1 4675116 3 98 + 31
S5PKYRYNFDHYNYSGKEAKVYVTAEHTSLEATPELLVASNDDSFVEVAE PTKEELETAVAEVRETYLY 4675116.2 4675116 133 301 = 122
MDEAERKE FRROVENFIKEKKE ST KA VEKTHAMDNDLKLAR I FEAVEIVALIISGOVFY I IGRIALIIGV 4675118.1 4675118 3 500 + 166
viﬁ'?SII:R?*f 4675116 / 3 /end=98 /£ 3 /length=31 Rl et SElal B b = 1=
> - Iource= 3tart= eng= rame= EngLo=
KLTVLSEDGYLFL: TRRL TNFE* 4675122.1 4675122 3 200 + 166
24675116.2 /scurce=4675116 /fstart=133 /end=501 /frame=-1 /length=122 4675124.1 4675124 1 301 N 187
AFTTNNLILHNIEELE FLENLIMLYNSELNI LHFDDIEGVGDNEEENEAFLETHFSDI TYENIDS Y SKDL 4675126.1 4675126 1 501 - 147
YRTVAGY IHANDIKLIAMMRKKHSFLERLFNRHPEETLAFN I DVEFLVMENS * 4§75128.1 4675128 2 499 + 166
>4675118.1 fsource=4675118 /fstart=3 fend=500 /frame=3 /length=166 4675130.1 4675130 1 501 r 167
PIKNRVLIDINELSKETAGMLAKFYT SNENFIINKAYDPSFYSKPIEIAEDARLNEENT YWOTLEHEELS
ETEKSVYRMIDTLENI PVVKIYTDI IKVLIDSYHSVEKVELGPY LOLVARNTMEGVEVGALEINYKFSK 4675132.1 4675132 1 501 = 167
NWIYIGIGAYGFODERFKYFLSEORT 4875134.1 4675134 3 89 + 28
4875134.2 4675134 76 o201 + 142
4675136.1 4675136 2 295 + a7
4675136.2 4675136 292 501 + 70

57,312 ORF (>100nt)
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Home E Results Scripts

COG ( Clusters of orthologous Groups) | chustering
[ rRNA prediction function annotation (COG)
5 [ tRNA prediction This program performs function annotation by using RPSBLAST program on COG database (prokaryotic
KOG (EuKaryotic Orthologous Groups) [ e proteins).
Inputs:

(1) Protein FASTA file (required)
(2) Email address (optional)
(3) Parameters (optional)

PRK (Protein K(c)lusters)

Outputs:

Pfam (Protein family)

tigrfam

outputzip(including the following five files

(1) README.txt: description of the five output files
(2) output.l: short table of rpsblast hits

sequence info (3) output.2: long table of rpsblast hits

(4) output.2.family: counts by family

(5) output.2.class: counts by class

pathway annotation

TIGRfam (£ &t ¢ R la et tat] B4 )

quality control

filtering sequence 7 of e Sarei

taxonomy binning

(1) Select the protein fasta file in user's local computer. (required)

OTU finder (2) Fill in user's email adress. (optional)

(3) Fill in parameters. (optional, modifiy it according to user's requirement)
(4) Click "Submit® button. (required)

format conversion

Sequence file to upload (required): | Ll
e

|e000m |
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COG ( Clusters of orthologous Groups)

Diwangchengu\slides\ABC\big homework\cog\output.1

=IE[= Outputl: COG hits

| ' ' ' ' ' c ' ' ' : ' '
1 2 4 & 7 8 1 P
I
#Query Hit E-value Identity Score  Query-start Query-end Hit-start Hit-end Hit-length |:|
4684316 COG3889 le-05 26 45.0 18 140 758 g64 g72 -
4685340 COG3839 4e-06 25 47.0 305 411 761 855 872
Di\wangchenqu\slides\ABC\big homewark\cog\output.2 o |[@[=
I o |
| 1 4 & 7 8 1 4 & =
#Query Hit E-value Identity Score  Query-start Query-end Hit-stars Hit-end Hit-length description class class description =
4624316 COG3889 le-05 26 45.0 18 140 758 864 8712 Predicted solute binding protein R General function prediction only u OUtPUtZ COG hlts and ClaSSlfy
4685340 COG3889 4e-06 25 47.0 305 411 761 8ss 872 Predicted solute binding protein R General function prediction only
4698652 COG3Z46 3=-04 26 40.7 247 372 282 413 452 Type IV secretory pathway, Trbl components U Intracellular trafficking, secret
470658 . . s ——
470814 D:\wangchenqu\slides\ABC\big homework\coghoutput.2.class = (@] &=
Aj11E6d | ' ' 2 ' ' ' c ' ' ' ' f f ' o |
e 1 } 2 } 3 } 4 i 5 } [5 . 7 . 8 : 9 . 0 t i, T
#C0G class count description — .
c g Energy production and conversion O tPUtg' COG Class
H 14 Coenzyme transport and metabolism
K 227 Tranarrintinn
L Di\wangchenqu\slides\ABC\big homework\cog\output.2 family
M
o e —§—,—,—,—— 3-——=t-——-dg---—t----3 T ; [E——— P ey e e PR ,-:-!
B 1 #COG count description class class description - .
5 7 COG0243 1 Anaerchic dehydrogenases, typically selenocysteine-containing C Energy production and conversion Output4: COG fan‘"ly
U COG0484 13 DnaJ-class molecular chaperone with C-terminal Zn finger domain O Posttranslational modification, pj
COG1107 2 Archaea-specific Recd-like exonuclease, contains Dnad-type IZn finger domain L Replication, recol =
C0G1251 & NAD(P)H-nitrite reductase C Energy production and conversion
COG1429 14 Cobalamin biosynthesis protein CobN and related Mg-chelatases H Coenzyme transport and metabolism
C0G1512 1 Beta-propeller domains of methanol dehydrogenase type R General function prediction only
COG3064 37 Membrane protein involwved in colicin uptake M Cell wall/membrane/envelope biogenesis 3
COG3846 3017 Type IV secretory pathway, Trbl components 2} Intracellular trafficking, secretion, and wesicul:
COG3883 1 Uncharacterized protein conserved in bacteria 5 Function unknown
#COG count description class classdescription
COG388g 3107 Predicted solute binding protein :3 Generd function prediction only
Function Annotation by COG Database COGZHR4H 3017 TypelV secreipry pathway; TrbLcompenents u Intracellular trafficki ion, and vesicular trarsport
COG5164 227 Transcription elongation facior K Transcription
. . COGa78 200 Uncharacterized conzered protein 5 Function unknown
General function prediction only [  ————— HL  COG46o 53 Putatve viron core protein(larpy skindiseme vins) s Function umknovwn
Intracellular trafficking, secretion, and vesicular transport d wc COGzofy in involved in coli M Cell wall/ lop
. COGLg 1400ba]zmnbmyrﬂ&spmtancbh.\larﬂrdahdmg-delm H C transportand
Function unknown | HO  COGo4Sq 13DnaJl-das withC-termind Zn fi o Postt = i protei er,
Transcription s - COG5283 8 Phage-related taid protein s Function umknown
Cell walllmembrane/envelope biogenesis |i aw EHE ST 6 NAD(P)F nitrite reductse = Energyproduction and conversion
Coenzyme transport and metabolism e COGuoy zm&ﬂe&spmfmkﬂr}lﬂmexmudme,mmDnaJ typaanu'gEnictrmn L Replication, recormbination and repair
Posttranslational modification, protein turnover, chaperones COGoz243 t Anaerobicd typicall c Energyproduction and conversion
. us COG1i512 1 Beta-propellerd: tvpe ): 8 Generd function prediction only
Energy production and conversion - COG=883 1 Uncharacterized protein conserved in bacteria s Function unknown
Replication, recombination and repair COG263 1 Nitrous oxide reductzee = Energyproduction and conversion.
T ’ ’ T ER COG4386 1 Mu-like prophage tail sheathprotein gpL. B Generdal function prediction only
0 1000 2000 3000 4000 COGq007 1 Predicted mambrane protein 8 Funcfion umknown.
COGs281 1 Phage-related minor tail protein = Function unknown

Count
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GCCATATGCA
GTTCCACACC
CAAACTTACT

pathway
annotation

Download scripts and examples

1. Scripts: (a) client_submit_job.pl for single metagenomic analysis; (b) Rammcap_submit_job.pl for multiple metagenomic analyses.

2. Examples for single metagenomic analysis: for each analysis, users can download examples from our web site and modify it to be used for their
own analysis.

3. Example for multiple metagenomic analyses: For complicated metagenomics analyses including several above-mentioned single analyses, we
provide an example and users can modify it to be used for their own analysis.

Jclient_submit_job.pl input_fasta_file_name program_name output_name "[email]" "[parameter_set 1]" "[parameter_set _2]" [input_fasta_file_name2] [job_id]

/Rammcap_submit_job.pl input_fasta_file_name program_path




BE 5 4 4 AT
o 12%/16SrRNA (blastN, # 4& #:Ribosomal Database Project)

mol@mol-virtual-machine:~/fabc$ . /blast/bin/blastn -query as q.f
asta -db releasel® 32 unaligned -out as_g_16s -evalue -0.0001 -

task blastn -outfmt ﬂl

i: MEGAN 244 2 4 <2 3| blast+ ¥ 4 £ & X8 #40. 5. 669 = F X4 KX

D\wangchenqu\slides\ABC\big homeworldcontig |_l:l_”_E|_”_£|
I f 1 f 2 f f 4 f 5 f & f 7 f 8 f f :J,.Tl
BLASTH 2.2.28+

|
Reference: Stephen F. RAltachul, Thomas L. Madden, Alejandro A.
Schaffer, Jinghui Zhang, Zheng Zhang, Webb Miller, and David J.

° Lipman (1997), "Gapped BLAST and PSI-BLAST: a new generation of
protein database search programs”, Nucleic Acids Res. 25:3389-3402.

Database: /home/mol/abc/blast/16s/releasell 32 unaligned.fa
2,765,278 sequences; 2,818,065,686 total letters

i Query= 4311582 length 250 cvg 1.0_tip 1

Length=250

*%% No hits found *****

o it & No-hits 41

o +~MEGAN4 (& 4 % F T NCBIl-taxonomy)



— Taxonomic analysis

Sonpesns

MEGAN 4 - MEtaGenome ANalyzer

Software for analyzing metagenomes.

— Functional analysis using
the SEED classification

[Download here )

COwer 7000 registered users

ntributions from

~ Functional analysis using
Prograns instaliers: the KEGG classification

MEGAN_macos_4_70_4.dmg (64-bit, MacOS X)
MEGAN windows_4 70 _4.exe (32-bit, Windows-XP)
MEGAN windows-x64 4 70 4.exe (64-bit, Windows 7)
MEGAN_unix_4_70_4.sh (64-bit, Linux, Unix)

Comparative visualization




¥ % 4k 4 oM —

Actnomycaiales Sepriia
Acinasacioa
o
@Cimviscter
®
Backrodales [ @Baciemides
*
Bacierciceies
[ SChiiphagacess
bacters
= = = e : | [ o
& Untitled - [2] - MEGAN (version 4.70.4, built 11 Sep 2012) - Licensed for Academic Use by: mol - Cyambactora |
“®envionmental samples <Cyanobecieria>
File Edit Select Options Layout Tree Window > Oscillalo s
= = @ nemental 55 pies <Bactera:
Sbd 8 $ e EMNEE o a7 B °
——— = =3 . . Servionmentstsampies <Avsobactre>
Baci
Laciobacitsles ! s
Bacoria Fimicuies *
Bacteria
il
celllar arganisms e -
+Panguyceiaes
Eularyota
Airuges celllar crgenisms | Rbizobisles [ e o
Apnapoleobactera ————————smaryonstaceas
oot
iroids =
root
unclassified sequences
cther sequences Burtholdersles [
¢
Mot azsigned Seuprciecteoes @ ernironmentsl samples bets subdivision>
Proteotactaria
Ha hits
Lo complexity
] garma
4] D [—
Taxa=12 Taxonomy, total taxa=804438 MinSupport=5 dissbled Taxs=12 1168 of 3728M
rsromeradacase]
e — ]
=
® Phytopiasma.
sssifiod Bactoria ° :
o .
@ orvronmonol o vohox
Archoss Memanomicrot e
Euyarchaooia
Thermoptsemat
L
. ot
Ewanomn




I RRREEEEEEBBRBBRRRRR—
Rt 12 A7

» ztContigs x # it i1 A HublastX, # 4 & #ncbi-nr

mol@mol-virtual-machine:~/abc$ . /blast/bin/blastx -query contig

_500 -db nr -out contig_500_bx -evalue -0.0001 -outfmt & -num_a
lignments 5 -num_descriptions 5.

o blastX#ir & x4 5 ~MEGAN, ¢ i7KECCH#E %5 £ o147
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