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S biology for soil

encompassing soils’ full complexity: biology, chemistry and
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physics in a dynamic structured habitat

* community process rates
* gene phylogenetic diversity and expression,
* soil structure-biological function relationships,

* integration of theory and experiment
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102 (trillion) individual microbiome extracted DNA high-throughput sequencing
bacteria, the majority have or mRNA
never been cultured or studied

e Large datasets — e.g.~314 million reads of 150 nucleotide bases per sample
* Many genes of interest are poorly represented in databases and poorly studied
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The Rothamsted metaomics

pipeline
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Main components of the pipeline

ROTHAMSTED

RESEARCH

* Pre-processing the ‘metaomics’ dataset
* Generating the reference dataset

* HMMER tools used within the pipeline
* Confirming positive hits

* Sections for data extraction, data
conversion and data visualization
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Processing the ‘metaomics’ file with quality dataset
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RESEARCH

@Per base sequence quality

- Galaxy Anabvze Data “ Quality scores across all bases (Sanger / llumina 1.9 encoding)

Tools 2 b Th ]y ]
FastQC:Read QC (version 0.52) 38 =0T ?_i.'l .. .lllll I H
Short read data from your current history: 36 [] /l
NGS: QC and manipulation
4 hi fastq ' M 1/l
FASTQC: FASTQ/SAM/BAM 34 7
Title for the output file - to remind you what the job was for: P
2820C:R¢d OC M
East0C:Read QC reports 2
using FastQC FastQC_hi fastq
etters and numbers only please - other characters will be remove 20
ILLUMINA FASTQ
Contaminant list: 28
FASTQ Groomer convert -
between various FASTQ 50: (as tabular) FASTQC_contaminant_ist.bit ¥ %
qualty formats tab delmited file with ame and sequence, For example: fy
nann _ Galaxy x4
paired end1 Tools Summary History s 2
EASTA manipulation =4
T o Fast0C hitostabimd |
FASTQC: FASTQ/SAM/BAM ' Basic Statstics S 20
FastOC:Read OC reports Py @ Dlorfinas cecmpace ok format: htmi, database: 2
using FastQC HOB 18
ILLUMINA FASTQ L Pex sequence quality scores \E";
FASTQ Groomer convert
between various FASTQ o 0 xt | good sequence shartit
quality formats A i 2 N |
FASTO splitter on joined " @ St Qualty scores acoss allbases (Irina >v1.3 encoding)
TQ splitter 134
paired end reads . @ Per sequence GC content @ . ey TTTITTTTT )
FASTQ 1ot on paired end @ . @ Per sequence qualty scores |og AHAHLL
reads . Perbase N contens @P " HHLLHHHHHLLL
@ er base sequence content (]
ROCHE-454 DATA . & ;) Per sequence GCaontent |22 LT |
o
Buidd base quality distnbution % @ Overenrsasated scmences @ Per base N content. s
s cxepressnted sequences
Select high quality segments T @ Sequence Length Dstrbutin/ 16
o & Kmer Content 4

) Sequence Dupcation Levels

Combine FASTA and QUAL

) Overrepresented sequences |19

3

4

S ST 9 IS JUQL, P 123456789 15-19 30-3¢4 45-49 60-64 75-79 90-94 105-109  125-129  145-149
Position in read (hp)

& ¢
\/\)

Postion in read (bp)
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Generating the reference Multiple Sequence Alignment
(MSA)

1) Self generated MSA or MSA generated by others

2) Assemble a collection of full-length genes sequences

a) Start with a small collection of well characterized proteins

b) Use this to generate large collections using BlastP or use
jackhmmer to search for homologous proteins in UniprotkB

c) A larger collection of protein is then generated based upon
a common pHMM. It is important to check it to remove partial

sequences or obvious outliers
d) Extract corresponding nucleotide sequences from ENA and

then use any tool to generate MSA (e.g MAFFT)

3) Another option is to generate a reference set of gene sequences from
the SEED database.

ROTHAMSTED
RESEARCH

bioscience for the future



The core hmmer tools used within the pipeline
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RESEARCH

Hmmbuild, Hmmsearch, Hmmscan, Hmmalign, Phmmer, Nnmmer , Hmmconvert
Hmmemit, Hmmfetch, Hmmpress, Hmmsim, Hmmstat and Jackhmmer

Step 3: HMMBUILD (version Hmmer 3.1 beta) Step 4: HMMSEARCH (version Hmmer 3.1 beta)
Number of CPU: Number of CPU:
4 4

Number of parallel CPU workers for multithreads Number of parallel CPU workers for multithreads

Profile hmm file: ) 7

File type:
Ami 34: aacC_reference_nucleotide_seqs_ MAFFT_MSA.hmm
mino Specify the profile hmm file (from step 3, HMMBUILD)
© DNA
RNA Sequence database: [ ]
Specify that all sequences in seqfile are proteins or DNA or RNA 1: Extract_matching_fasta_sequences_on_data_42_ and_data_4 -

Sequence database
MSA file: ) 7]

~HMMSEARCH settings to use:
L 2: aacC_reference_nucleotide_seqs_MAFFT_MSA.fasta v

Step 9: PHMMER (version Hmmer 3.1 beta) Step 12: HMMALIGN (version 1.0.0)

Number of CPU: File that contains the reference gene MSA in Stockholm format (from
a step 2): ) 2]

Number of parallel CPU workers for multithreads 27: aacC_reference_nucleotide_seqs_MAFFT_MSA.sto

Sequence file: [ 2] Output .hmm file (from step 3) : ) (7]

37: Step 7 and 11: Extract genomic sequence using hmmsearch - | 34: aacC_reference_nucleotide_seqs_MAFFT_MSA.hmm

Specify the sequence file (from step 8) The confirmed positive metagenomic sequences, FASTA format(from step

Sequence database: 3 &) 11): O
3: uniprot_sprot.fasta - 37: Step 7 and 11: Extract genomic sequence using hmmsearct -
Sequence database ie uniprot-sprot.fasta

- PHMMER settings to use: ;_\

bioscience for the future



Detailed view of HMMSEARCH Wrapper
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HMMSEARCH settings to use:

‘ Full parameter list v

You can use the default settings or set custom values for any of hmmsearch's parameters.
Do you want to control reporting and inclusion thresholds:
‘ Yes ¥ ‘

Select which threshold option to use:

Show target sequences hits and domain hits that meet the chosen REPORTING bit scores threshold v

Show target sequences hits and domain hits that meet the chosen REPORTING E-values threshold e thresholding
Show target sequences hits and domain hits that meet the chosen REPORTING bit scores threshold

Show target sequences hits and domain hits that meet the chosen INCLUSION E-values threshold

Show target sequences and domain hits that meet the chosen INCLUSION bit scores threshold

Show target sequences and domain hits that meet both the chosen REPORTING and INCLUSION E-value threshold
Show target sequences and domain hits that meet both the chosen REPORTING and INCLUSION bit scores threshold

Reporting domain bit score threshold:

800.0

Report domains having bit scores less than or equal to this bit score threshold in output

Do you want to control the acceleration pipeline:

‘Yes "

Do you want to control acceleration heuristicss:

‘ Turn off all filters, including the bias filter v
Options controlling acceleration heuristics

Turn all heuristic filters off (less speed, more power):

ol

bioscience for the future



Workflow section used to confirm the positive hits

ROTHAMSTED
RESEARCH

EobRhED Why confirm the hits?
ve hits

To be absolutely sure that the results from
the hmmer search is a set with no false
positives

How to confirm the hits

Perform transeq translation of the
hmmsearch results and search the
translated sequences against UniprotKB

#5BBSRC
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Tool wrappers

ROTHAMSTED
RESEARCH

Tools -fa

Step 1: Fasta2Phy - Convert reference MSA in FASTA format to relaxed Phylip

Step 2: Phy_to_Sto converting Phylip to Stockholm format

Step 3: HMMBUILD - profile HMM construction from multiple sequence alignments

Step 5: RaXML Maximum Likelihood based inference of large phylogenetic trees

Step 4: HMMSEARCH - search profile(s) against a sequence database to generate sequence IDs and homology scores
table

Step 7 and 11: Extract genomic sequence using hmmsearch results for each target id in the file

Step 6: Extract sequence Ids from an HMMSearch result file

Step 8: SeqTranslator - 6 frame amino acid translator from genomic sequences. Generates 1 file per frame

Step 10: PhmmerGetSeqIDs Extracting metagenomic reads ids from phmmer tabular output

Step 9: PHMMER Confirmation step. Search protein sequence (ie 1-6 frame amino acid translations) against protein
database

Step 12: HMMALIGN - align sequences to a HMM profile using an alignment filem its HMM profile and metagenome or
metatranscriptome positively confirmed sequences




Wrappers for data conversion , data extraction and

data visualization

DIRECT EXTRACTION OF
SEQUENCES FROM ENA

Get the sequences from ENA
using protein ACC/ID for a list
of protein IDs in a file

REFSEQ: HAVING REFSEQ
PROTEIN IDS START HERE

Refseq Uniprot Mapping Refseq
IDs to Uniprot ID for each
refseq protein ID in a file

Step 13: Pplacer Place query
sequences on a fixed reference

phylogenetic tree to maximize
phylogenetic likelihood or posterior
probability according to a reference

Step 14: Pvisual Placement
Visualization of reads on a
phylogenetic tree

ROTHAMSTED
Step 1: Fasta2Phy - Convert RESEARCH

reference MSA in FASTA format
to relaxed Phylip

Step 2: Phy to Sto converting
Phylip to Stockholm format

Step 7 and 11: Extract
genomic seguence using
hmmsearch results for each
target id in the file

Step 6: Extract sequence Ids
from an HMMSearch result file

Step 8: SeqTranslator - 6
frame amino acid translator
from genomic sequences.
Generates 1 file per frame

bioscience for the future



Metaomics pipeline in our galaxy instance

Tools

Step 1: Fasta2Phy Convert
Aligned FASTA to phylip
Extended

Step 2: Phy Sto converting
from Phylip to Stockhalm
farmat

Step 4: HMMBUILD - profile
HMM construction from
multiple sequence alignments

Step 3: RaXML Maximum
Likelihood based inference of

large phylogenetic trees

Step 5: HMMSEARCH - search
profile(s) against a sequence
database

Step 7 and 11: Extract
genomic sequence using
hmmsearch results for each
targetid in the file

Step 8: SeqTranslator - align
sequences to a profile HMM

Step 6: Extract sequence Ids
from an HMMSearch result file

Step 10: PhmmerGetSeqlDs
Extracting metagenamic reads
ids from phmmer tabular
output

Step 12; HMMALIGN - align
sequences to an HMM profile
using an alignment file, its
HMM profile and a
metagename

Step 9: PHMMER - search a
protein sequence against a
protein database

Step 13: Pplacer Place query
sequences on a fixed reference
phylogenetic tree to maximize

1

((Lutibaculum_baratangense_AMV1_ESR24774:9.55120352898344 152756,
((Methylobacterium extorquens_CH4 ACKS5887:8.01186848428778505246,
(Methylobacterium_extorquens_DAd_CAX26549:8.88581680846686964441,
(Methylobacterium_extorquens_AM1_ACS41961:0.08943182494756414705 , Methylobacterium_extorq
uens_PA1_ABY32314:0.82425335833986982896) : 8. 885299, 58333598) : 8. 08397989863757841696
):0.28894406389592364182,
((Thioalkalivibrio_thiocyanoxidans_ARh_AHE99658:8.25763769481619491764, Thioalkalivibrio_
sp_K9o8mix ADC72627:8.29837798879165622396) :8.40163934111782635821, Sphingopyxis_alaskens
1s_RB2256_ABF52347:0.31011766177826579300) : 8., 18985382586586235725 ) : 6.0268566071617838061
9):0.87775768362023683968, ((((Turneriella_parva_DSH_AFH11571:0,89974342687993680298,
(Advenella_kashmirensis_WT@@1_AFK68853:8.40815862918058742892,Advenella_kashmirensis_w13
083 _ETFO2618:0.42460129649593048829) :0. 338979014 16717868273 ) : 0. 84791915828176957631,0cea
nibaculum_indicum P24 _EKE78978:8.26764781792688398985) 0. 10267472649633748955,
(Hydrogenophaga_sp_ PBC_ETKE0269:6,50085360248097495879,
(Paracoccus_denitrificans_PD1222 ABL71428:0.00638322873772386138, Paracoccus_denitrifican
5_PD1222_ABL71248:8.06538247846647869749) :8.3583680682804 2664815 ) : 8. 82551567623787528847
):0.83558774936960624401, (Sphingobium_quisquiliarum_P25_EQR15815:0.48993282807068214767,
(((Cyanobium_gracile PCC_AFY20477:0.45671161884185880758,
(Pseudomonas_aeruginosa_aminoglycoside_CAD53575:0.49411849896853299734,
(((((uncultured_bacterium aminoglycoside 3N_acetyltrans:8.88225513806302300745,
((Salmonella_enterica_subsp_ AGW44685:8.60080254849492566543
(Serratia_marcescens_aminoglycoside_3_N_acetyltra:8.08808254849492566543,
(Pseudomonas_aeruginosa_aminoglycoside_3_ acetyltr:8.08808254849492566543,
(Trueperella_pyogenes_aminoglycoside AENS5731:8.80988619568355478258 Pseudomonas_aerugin
osa_aminoglycoside 3_ acetylt2:8.00608254849492566543) :0.0008025404 3492566543 ) : 0. 801774
37646815503954) : 8,80006254849492566543) :0.60177736982080976384,

(Acinetobacter_baumannii Gentamicin_CAMS3357:0.00000254849492566543,
(Acinetobacter_baumannii ABNIH18_EfUGS383:0.00806254040492566543,
((Acinetobacter_baumannii ABNIH26_ENT87844:8.000080254640492566543,
(Acinetobacter_baumannii 44895_18 EXT20929:8.000086254640492566543,
((Salmonella_enterica_subsp_ CAA@8847:8.80225561929505022387 Acinetobacter_baumannii_ami
noglycoside ADHB3689:0.08225255121717414086) : 6.60608254849492566543
(Acinetobacter_baumannii_273929 EXH74461:8.80225446595547648893 ,Acinetobacter_baumannii_
25367_8_EXT64734:0.00225813331538521667) : 0. 0800025484 3492566543 ) : 0. 66008 254049492566543 )
+0.00006254840492566543) :0.60000254849492566543,Acinetobacter_baumannii_ABNIH1_EGT95474:
.00000254840492566543) : 6.600060254049492566543) : 6, 00800254049492566543) : 8. 08534083435838
433993) :6.080800254049492566543 ) : 0.00477672811815925751, Pseudomonas_aeruginosa_aminoglyco
side modifying CA:8.86222522558892359886) :6.80662611887634281544 ,Pseudomonas_aeruginosa_
aminoglycoside AAMBS184:0.80983371807509768846) 0. 04922525405759668043 , Pseudomonas _aerug
inosa_aminoglycoside_CAI46944:0.83466946679498641992) :0.27817996138767519376,
((Serratia_marcescens_aminoglycoside AAX16811:8.00000254849492566543 Pseudomonas_aerugin
o0sa_aminoglycoside ABN18348:0.08451712444867574236) :0.68380736923000630314,

(uncultured bacterium_aminoglycoside ADU98742:8.00000254849402566543,
(Pseudomonas_aeruginosa_aminoglycoside AAAG8422:0.00080254840492566543,Klebsiella_pneumo
niae BIDMC_EWE79992:0.00808254849492566543) :8.001772251586554 12366) : 6. 108309510481639144
79) :8.18649699921597556748) :6.365531251156824682141) :0.13024872948049658787) :0.8782567313
2188982483,

(Pseudomonas_mendocina_DLHK_EJ093469:8.81569724360693371363 ,Pseudomonas_mendocina_ymp_AB
P85841 8. 661616841919011615A7) .43239771789855764248) : 0, 18580006388192878127,

; History C ﬁ
format: tt, database: 2

RoC@

HHMER3/F [3.1b1 | May 2013]

e

NAiE  dataset_68sss
LENG 474

ALPH  amino

32; Result @4&x
31:Parsimony Tree @ ¢ X

30: Best-scoring ML @ ¢ X

torkflow Canvas | metaomics

Input Dataset

output

Input dataset

output

Input dataset

output

x

x

x

Fasta2Phy.
Tnput Fasts Fil

output (txt)

HMMSEARCH
Profile hrom file
Sequence database
signed_at (64)
allhits_out (txt)
thlout (txt)
domtblout (txt)

pfamtblout (txt)

e

RaXML x
Reference Alignment (relaxed PHYLIP
format) (-5)

info (txt)

logReq ()

bestTreeReq (txt)
parsimonyTreeReq (txt)

resultReq (txt)

randomTree (txt)

bestTree (txt)
bestTreeMultipleModel (txt)
bestTreeMultipleModelPartitions (txt)
log (txt)

result ()
resulthultipleModelPartitions (tt)
parsimonyTree (txt)

bootstrap (t:t)

bipartitions (txt)
biparttionseranchLabels (t:t)
strictConsensusTree (txt)
majorityRuleCansensusTree (txt)

majorityRuleExtendedConsensusTres
(txt)

bipartitionFreq (txt)
persitelLs (txt)
distances (txt)

Extract sequence Ids X
HMMSearch resuks

output (tabuler)

PHMMER x
Sequence file
Sequence database
ahgn;ﬂ_nut (m)’ .
allhits_out (txt)

thlout (txt)

domtblout (tt)
pfamtblout (txt)

HMMBUILD x
MSA file
aligned_out ()
hromile (tt)

Extract genomic sequence using
hmmsearch results

Hrnmsearch output file
Fastafile with genomic sequences

output (fasta)

ROTHAMSTED
RESEARCH

Extract sequence Ids X

HMMSearch results

output (tabular)

HMMALIGN x
Profle hrnm file
Sequence file
aligned_out (bt)
aligned_mpali (txt)

SeqTranslator
DNA sequence file
stat (txt)
 (fasta)
2 (fasta)
3 (fasta)
# (fasta)
5 (fasta)

Extract genomic sequence using
hmmsearch resuks.

Hmmsearch output file
Fasta file with genomic sequences

output (fasta)

pplacer X
Best scoring ML Tree output from the
RAHL step

Irfo file output from the RAML step
Alignment of Reference Sequences
and Metagenome output from the

HMMALIGN step, in Stockholm
format.

jplace ()
stat (txt)

x

pisual
Placement

il{ jolace)

outt (pdf)
out2 (txt)
out3 (txt)

=
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Where can you find the tools and the tools wrappers
GitHub -

Explore Features Enterprise Blog

sign in

Rothamsted / AppliedBioinformatics @®Watch 6 s Star 1 Y Fork 1

P oranch master - AppliedBioinformatics / galaxyMetaomics / + =D
<>
Galaxy_Metaomics files added
AjitP S authored 12 days ago latest commit f34a7bsblo e ©
y!
B 6_Frame_translate.xml Galaxy_Metaomics files added 12 days ago
B Fasta2Phy.xmi Galaxy_Metaomics files added 12 days ago -
B PhylipToStockholm_pl Galaxy_Metaomics files added 12 days ago faln

[E PhylipToStockholm xml
B PlacementVisual.sh

& placementvVisual1 xml
B README. ixt

B emboss_sixpack xml
B rasta-spilitter_pl

B rasta2phylipE xml

B nmmalign_py

B nmmalign.xmi

Galaxy_Metaomics files added
Galaxy_Metaomics files added
Galaxy_Metaomics files added
Galaxy_Metaomics files added
Galaxy_Metaomics files added
Galaxy_Metaomics files added
Galaxy_Metaomics files added
Galaxy_Metaomics files added

Galaxy_Metaomics files added

12 days ago
12 days ago
12 days ago
12 days ago
12 days ago
12 days ago
12 days ago
12 days ago

12 days ago

https://github.com/Rothamsted/AppliedBioinformatics/tree/master/galaxyMetaomics

We are hiring Bioinformatics Scientist
#3BBSRC T
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Example application: land-use effects
upon phosphorus cycle genes
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Results

ROTHAMSTED
== oxtracellular RESEARCH
. Fallow

Arable

. Grass

cluster 1

cluster 1

Trees presented in iTOL allowing multiple layers of
information — phylogenetic structure, subcellular
localisation and multiple datasets

95 BBSRC

blosaence for the future



Acknowledgement

N

#9BBARC o

Keywan Hassani-Pak
Andrew L. Neal
Dariush Rowlands
lan M. Clark

Chris Rawlings
Penny R. Hirsch

Eliza Loza-Reyes

& HMMER
=

Sean R. Eddy
Travis J. Wheeler
Robert D. Finn
Jody Clements
William Arndt
Benjamin L. Miller
Fabian Schreiber
Alex Bateman



PHMM versus BLAST: how do the two
approaches compare?

To search for 976 reference nucleotide
sequences (rpoB, 4,029 bases) in a
576,395,603 sequence (100 bases)
dataset.........

HMMsearch 48 minutes (13 hours CPU time, but used 16 threads)

DeCypher teraBLASTn



PHMM versus BLAST: how do the two
approaches compare?
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