
Metagenomics – A basic overview by Bram van Dijk 



Preface for the workshop 

 

https://docs.anaconda.com/anaconda/install/linux/


$ ssh user@wallace 

Note that the dollar sign ($) is not typed, but simply the start of the terminal prompt. During the workshop, let’s not all 

use the same node on the cluster. So let’s find a free node with the command “sinfo”, and use that one: 
 
$ sinfo | grep “idle” 
$ ssh <an_idle _node_on_wallace>

$ bash /groups/mpistaff/MGX_Workshop/src/00_mount_env.sh

$ source /setup 
 

$ ls . 
00_mount_env.sh   
00_setup.rc   
00_setup.sh   
01_retrieve_data.sh  
02_process_reads.sh 
… etcetera 
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0. Workshop introduction 

 



1. Hands on: merging and renaming your data 

$ cat rosetta_stone.txt 
5316_AD  T1_C1_7amp_H 
5316_BN  T2_C1_7amp_H 
5316_CX  T3_C1_7amp_H 
5316_EB   Tminus1_C1_powersoil 

https://youtu.be/e7BufAVwDiM
https://en.wikipedia.org/wiki/Rosetta_Stone
https://stackoverflow.com/questions/16239551/eol-conversion-in-notepad


a. 

b. 

c. 

 



2. Hands on: processing raw reads 

a. 

b. 

 

https://github.com/OpenGene/fastp


3. Did we sequence “deep” enough? 

 

Sequencing depth of a single isolate  

With multiple species, things get a bit more complicated 

 

https://github.com/lmrodriguezr/nonpareil


 

http://enve-omics.ce.gatech.edu/nonpareil/submit


4. Too messy, too soon: why I don’t recommend annotating reads 

 



4. Assembling reads into contigs 



 



5. Hands-on: assembling reads into contigs 

$ megahit -1 forward_reads.fastq -2 reverse_reads.fastq -t <threads> -m <memory> -o Output_dir 

 

 

 

 



6. Statistics to assess assembly quality 

$ bbstats.sh 03_Assembly_output/Assembly_Tminus1_C1_powersoil_trimmed/final.contigs.fa -format=7 



 



7. How abundant are the contigs? 

$ head 03_Assembly_output/Assembly_T1_C1_7amp_H_trimmed/final.contigs.fa 
>k141_35866 flag=1 multi=3.0000 len=369 
GCCATCGAGAGCATCGCGTTTCAAAGCGCCGATCTCCTCGCCGCCATGCAGGCCGACTCG… 
>k141_15372 flag=1 multi=2.0000 len=354 
CCCTCGTAATTGATGATTTCAGGCGGGTGATGTTCTATCCGAAAGCCATTGCACTGGGCAT… 
>k141_0 flag=1 multi=2.0000 len=317 
CGCGGCGCCGACCCGACGACATCGAGATATTCGGGAAAGGTTTCCCAGGTCCAGGGAAG… 
>k141_5124 flag=1 multi=2.0000 len=456 
TACTGTGCTCGGCACCAAGACATCATGTCCCCAGTTGCCGCGTCTCTTGCGGATGCCAGCT… 
>k141_30743 flag=1 multi=2.0000 len=395 
GGGCTCGCCTTCGTCGCCGAGCAGCTGCTGCCCTACCTGACCGGGCTGGGCGCCGAACCA… 
 



 

  



8. Hands-on: Mapping reads back onto the assembled contigs 

 

 

head

|  

$ bash 04_map_back.sh # already ran for you, takes approximately 10 minutes 
$ cd 04_Mapping_back/T1_C1_7amp_H  
$ samtools view read_mapping.bam | head -n 3 
VH00578:2:AAAJVKHHV:1:1101:65040:12018  99      k141_29350      2320    60      151M    =       
2497    328     
CTACCGAACACCGCGGCCGTCACTGGCCACGGGGAGAACTTTACGGGGCGCGGTGTGCTGCGGTTCGCGGAAACACGCGGGTTTGAACGCCCTGTTTCT
GGTTCTGGCGCATAAACCGCCGACCGTCACGACTCGCTTTCCTGATCCATCT 
CCCCCCCCCCCCCCCCCCCCC;CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
CCCCCCCCCCCCCCC;CCCCCCCCCCCC;CCCCCCCCCCCCCCCCCCCCCCC  NM:i:1  MD:Z:149G1      AS:i:149        
XS:i:0 
VH00578:2:AAAJVKHHV:1:1101:65040:12018  147     k141_29350      2497    60      151M    =       
2320    -328    
TCCACGGCCGTTTCCGGCGTTTCGTCCGGGCCGATGACGCCATCGCCCCACGCCTCAACGCACTGGGCGTGCGTGAGCCCGGTCCGCTGCTGCAGCAAC
GCAATGAACCGTGCCTTGAAGGCTTCTTGTGCCTGTCTATCCATTCCTGGCC -
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC;CCCCCCCCCCCCCCCCCC  NM:i:0  MD:Z:151        AS:i:151        XS:i:0 
VH00578:2:AAAJVKHHV:1:1101:67710:12037  77      *       0       0       *       *       0       0       
GGCCGGCAGGAGAGTAACTTCCACCCATACCCTCCGTGATCCGCAATTGTGGTCTGTAGAAACGCCGCAATTATACCGGGTAAAAACTACCGTAAAAGA
TAAAAAGACGGGCCGGGTTTGGGAACAGACCACCCACACTTTCGGACTCCGG 
CCCCCCCCCC;C;CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC;C;CCCCCCCC;CCCCCCCCC-
CCCCCCCCCC;CCCCCCCCCC;CCCCCCCCCCC;CCCCCC;CCCCCCCCCCCCCC  AS:i:0  XS:i:0 

samtools view

samtools coverage

 

$ samtools sort read_mapping.bam > read_mapping.sorted.bam 
$ samtools coverage read_mapping.sorted.bam | head 

https://youtu.be/4n7NPk5lwbI
http://www.htslib.org/doc/samtools-view.html


 

#rname startpos endpos numreads covbases coverage meandepth meanbaseq meanmapq 
k141_35866      1       369     9       369     100     3.30623 33.4    60 
k141_15372      1       354     6       354     100     1.92373 33.7    60 
k141_0  1       317     6       317     100     2.50473 33.1    60 
k141_5124       1       456     9       456     100     2.83553 33.3    60 
k141_30743      1       395     9       395     100     2.51646 33.8    46.7 
k141_25620      1       489     10      489     100     2.79755 33.2    60 
k141_10248      1       621     18      621     100     4.34944 32.4    60 
k141_15373      1       352     7       352     100     2.3892  31.7    60 
k141_20496      1       652     10      652     100     1.96933 33.6    60 
 

sort

head

$ samtools coverage read_mapping.sorted.bam | sort -rn -k 3 | head 
k141_35817      1       322628  100306  322628  100     46.4404 33.3    60 
k141_5465       1       305961  89755   305961  100     43.7398 33.3    59.8 
k141_9919       1       278561  85350   278561  100     45.7621 33.3    60 
k141_6423       1       271521  79942   271521  100     43.9838 33.3    60 
k141_15895      1       263632  85145   263632  100     48.2665 33.3    59.8 
k141_21575      1       257785  73636   257785  100     42.6497 33.3    60 
k141_20655      1       218689  73607   218689  100     49.9409 33.3    59.6 
k141_16758      1       203518  62069   203514  99.998  45.5716 33.3    60 
k141_4745       1       190366  54700   190366  100     42.8967 33.3    60 
k141_7765       1       175419  49735   175419  100     42.3281 33.3    60 

$ samtools coverage read_mapping.sorted.bam > read_mapping_coverage.txt

$ samtools coverage 
Usage: samtools coverage [options] in1.bam [in2.bam [...]] 
 
Input options: 
(…) 
 
See manpage for additional details. 
  rname       Reference name / chromosome 
  startpos    Start position 
  endpos      End position (or sequence length) 
  numreads    Number reads aligned to the region (after filtering) 
  covbases    Number of covered bases with depth >= 1 
  coverage    Percentage of covered bases [0..100] 
  meandepth   Mean depth of coverage 
  meanbaseq   Mean baseQ in covered region 
  meanmapq    Mean mapQ of selected reads 
 



 
$ samtools depth read_mapping.sorted.bam | head -n 20 
k141_35866      1       2 
k141_35866      2       2 
k141_35866      3       2 
k141_35866      4       3 
k141_35866      5       3 
k141_35866      6       3 
k141_35866      7       3 
k141_35866      8       3 
k141_35866      9       3 
k141_35866      10      3 
k141_35866      11      3 
k141_35866      12      3 
k141_35866      13      3 
k141_35866      14      3 
k141_35866      15      3 
k141_35866      16      3 
k141_35866      17      3 
k141_35866      18      3 
k141_35866      19      3 
k141_35866      20      4 

$ samtools depth read_mapping.sorted.bam > read_mapping_depth.txt 

 



 



9. Metagenome binning 

 

Hi-C metagenomics: 

Hybrid assembly: 

Metagenome-assembled genomes from only Illumina reads: 





10. Hands-on: binning and assessing completeness/contamination 

jgi_summarise_bam_contig_depths: 

$ cd 05_Binning 
$ jgi_summarize_bam_contig_depths ../04_Mapping_back/T1_C1_7amp_H/read_mapping.sorted.bam --
outputDepth metabat_abundance_file.txt 
$ metabat -i ../03_Assembly_output/Assembly_T1_C1_7amp_H/final.contigs.fa -a 
metabat_abundance_file.txt --unbinned -o MAG 
MetaBAT 2 (v2.12.1) using minContig 2500, minCV 1.0, minCVSum 1.0, maxP 95%, minS 60, and maxEdges 
200. 
4 bins (11738609 bases in total) formed. 
 

$ls 
MAG.1.fa  MAG.2.fa  MAG.3.fa  MAG.4.fa  MAG.lowDepth.fa  MAG.tooShort.fa  MAG.unbinned.fa  
metabat_abundance_file.txt 

$ bbstats.sh MAG.2.fa -format=7 
A       C       G       T       GC      GC_stdev 
0.3269  0.1734  0.1728  0.3269  0.3462  0.0097 
 
Main genome contig total:               78 
Main genome contig sequence total:      3.096 MB 
Main genome contig N/L50:               16/74535 
Main genome contig N/L90:               48/19106 
Max contig length:                      167244 



Number of contigs > 1 KB:               78 
% main genome in contigs > 1 KB:        100.00% 
 
 
Minimum         Number          Total 
Contig          of              Contig 
Length          Contigs         Length 
--------        --------------  -------------- 
   2772                     78         3095686 
  10000                     62         2998612 
  25000                     40         2624293 
  50000                     22         1960566 
 100000                      6          773507 

lineage_wf

$ checkm lineage_wf -x fa -t 8 . CheckM 
 



 



11. How to improve the assembly of rare species? 

Cross-assembly (sometimes called co-assembly) 



for sample in Sample_[1,2,3]*_R1.fastq; do cat $sample >> All_reads_R1.fastq; done; 
for sample in Sample_[1,2,3]*_R2.fastq; do cat $sample >> All_reads_R2.fastq; done; 
megahit -1 All_reads_R1.fastq -2 All_reads_R2.fastq -o CrossAssembly -m <MORE_MEMORY!> 
 

  



12. Studying gene content 

$ prokka 05_Binning/MAG.3.fa --prefix 06_Prokka_MAG3 



$ prokka 05_Binning/MAG.2.fa --prefix 06_Prokka_MAG2  
$ grep -o 'UniProt.*' 06_Prokka_MAG2/06_Prokka_MAG2.gff | cut -d';' -f1 | cut -d':' -f2 | sed 
's/^/UNIPROT:/g' > 06_Prokka_MAG2/UniProt_IDs.txt 

https://www.kegg.jp/kegg-bin/show_pathway?168078729747817/map01100.coords+reference


 

https://toolkit.tuebingen.mpg.de/tools/hhpred
https://www.ebi.ac.uk/interpro/search/sequence/
https://www.rcsb.org/structure/3TX3


13. Annotation with CAT, RAT, and BAT 



 



14. Hands-on: CAT, RAT, and Krona 

 

$ bash contig_annotation_tool.sh -c 03_Assembly_output/Assembly_T2_C1_7amp_H/final.contigs.fa -1 
reads/T2_C1_7amp_H_trimmed_R1.fastq -2 reads/T2_C1_7amp_H_trimmed_R2.fastq -o 
07_Contig_annotation_2 
 

• 

• 

• 

• 

• 



 



15. Detecting horizontal gene transfer 



 
Leveraging read mapping 



 

Leveraging time-resolved samples 

https://github.com/bramvandijk88/xenoseq


 
Detecting mobile elements 

 

https://docs.google.com/spreadsheets/d/1dL5o524IX_-hJB6iYV1FB4QrK_U5KgFcfM4rZDZV_Dw/edit#gid=0


16. Hands-on: Local blast and the xenoseq pipeline 

Doing a local blast search: 

$ source /usr/local/opt/miniconda/etc/profile.d/conda.sh 
$ conda activate xenoseq 
 

$ makeblastdb -in 05_Binning/MAG.3.fa -dbtype nucl 

$ blastn -db 05_Binning/MAG.3.fa -query random_sequence.fasta  
 

$ blastn -db 05_Binning/MAG.3.fa -query nonrandom_sequence.fasta -outfmt 6 
Sequence_From_MAG3      k141_5160       100.000 56      0       0       1       56      125     180     
5.50e-24        104 

Xenoseq: 

https://www.metagenomics.wiki/tools/blast/blastn-output-format-6


#query   reference 
Community_1_T1  Ancestral_1 
Community_1_T2  Ancestral_1 
Community_1_T3  Ancestral_1 
Community_2_T1  Ancestral_2 
Community_2_T2  Ancestral_2 
Community_2_T3  Ancestral_2 
 

#Query    reference 
T1_C1_7amp_H_trimmed    Tminus1_C1_powersoil_trimmed 
T2_C1_7amp_H_trimmed    Tminus1_C1_powersoil_trimmed 
T3_C1_7amp_H_trimmed    Tminus1_C1_powersoil_trimmed 

$ xenoseq -m xenoseq_metadata.txt -p reads -r _R*.fastq -l -t -o 08_Xenoseq 

$ xenoseq -h 
/  |  /  | 
AT |  GC |  ______   _______    ______    _______   ______    ______ 
GG  \/AG/  /      \ /       \  /      \  /       | /      \  /      \ 
 TA  TT<  /GATACT  |TAAATGG  |/CCGTAA  |/AATAAAS/ /ATTTCT  |/ATGTTA  | 
  TGAC  \ AA    GA |TG |  GG |AG |  AG |TT      \ TT    CG |GA |  AT | 
 AA /AT  |GATCCCGT/ TA |  AA |CG \__AG | GGAACT  |TACGGGTA/ GT \__AT | 
AA |  GC |CC       |GA |  GT |GC    GT/ /     GG/ TA       |AG    AT | 
GG/   TG/  GTAGGCC/ CA/   TT/  TAAATG/  ATGCGCG/   ATGCAAT/  AGGGTTT | 
                                                                  AA | 
                                                                  AA | 
                                                                  AA/ 
 
---------------------------------------------------------------------- 
                          (XENOSEQ v1.2.3) 
---------------------------------------------------------------------- 
 
xenoseq v1.2.3 
 
contact: bramvandijk88@gmail.com 
 
Usage: 
         xenoseq -m <meta_data_tsv> -o <output_dir> -c <num_cores> -t 
Mandatory: 
        -m/--metadata           File containing the metadata (tsv file with query-reference sets) 
Optional options: 



        -p/--path_to_reads <STRING>     Path to reads for samples in metadata (default = 
samples/reads) 
        -r/--read_suffix <STRING>       Read suffix corresponding to metadata n ames (e.g. when 
read filenames are Sample1_R1.fq and Sample1_R2.fq, use _R*.fq) (default = _R*.fq) 
        -l/--link                       After detecting unique contigs, attempt to link them to 
other reference samples. 
        -t/--trace                      After detecting xenotypic contigs, trace them across all 
samples. 
        -c/--cores <INT>                Number of CPUs to use for smaller tasks (passed on to bwa, 
samtools, etc.) (default = 4) 
        -C/--assembly_cores <INT>               Number of CPUs to use for assembly (megahit) 
(default = 4) 
        -j/--jobs  <INT>                Maximum number of parallel jobs (default = 4) 
        -J/--max_assembly_jobs  <INT>   Maximum number of parallel jobs for assembly (default = ) 
        -o/--output <STRING>            Output directory to put all the data 
        -L/--alignment_length           Minimal alignment length to link unique sequences to other 
reference samples. 
        -S/--single_end <STRING>        Assume single-end reads (e.g. use only Sample1_R1.fq and 
skip read merging) 
        -P/--alignment_pid              Minimal percent identity to link unique sequences to other 
reference samples. 
        -f/--force_relink               Link unique sequences to reference samples, even when this 
step is already performed. 

• unique_contigs.fasta; sequences in query not present in reference (e.g. ancestral) samples 
• unique_contig_all_links_L300_P97.tbl; table linking contigs to other communities using 

BLAST, with options L and P in the filename 
• xenotypic_contigs.fasta; the subset of unique contigs that can be linked to another 

reference using BLAST 
• xenotypic_coverage.txt; text files to estimate the abundance of xenotypic sequences in non-

ancestral samples 
• source_contigs; directory with fasta files from reference samples that are themselves / are 

linked to MGEs  



$ cd /groups/micropop/Bram/Andy/Ampicilin_Mesocosms 

$ cat xenoseq_metafile_R2.tsv 
T1_C1_0amp_H_R2 T0_C1_0amp_R2_deep 
T1_C1_1amp_H_R2 T0_C1_1amp_R2_deep 
T1_C1_7amp_H_R2 T0_C1_7amp_R2_deep 
T1_C2_0amp_H_R2 T0_C2_0amp_R2_deep 
T1_C2_1amp_H_R2 T0_C2_1amp_R2_deep 
T1_C2_7amp_H_R2 T0_C2_7amp_R2_deep 
T1_C3_0amp_H_R2 T0_C3_0amp_R2_deep 
T1_C3_1amp_H_R2 T0_C3_1amp_R2_deep 
T1_C3_7amp_H_R2 T0_C3_7amp_R2_deep 
T2_C1_0amp_H_R2 T0_C1_0amp_R2_deep 
T2_C1_1amp_H_R2 T0_C1_1amp_R2_deep 
T2_C1_7amp_H_R2 T0_C1_7amp_R2_deep 
T2_C2_0amp_H_R2 T0_C2_0amp_R2_deep 
T2_C2_1amp_H_R2 T0_C2_1amp_R2_deep 
T2_C2_7amp_H_R2 T0_C2_7amp_R2_deep 
T2_C3_0amp_H_R2 T0_C3_0amp_R2_deep 
T2_C3_1amp_H_R2 T0_C3_1amp_R2_deep 
T2_C3_7amp_H_R2 T0_C3_7amp_R2_deep 
T3_C1_0amp_H_R2 T0_C1_0amp_R2_deep 
T3_C1_1amp_H_R2 T0_C1_1amp_R2_deep 
T3_C1_7amp_H_R2 T0_C1_7amp_R2_deep 
T3_C2_0amp_H_R2 T0_C2_0amp_R2_deep 
T3_C2_1amp_H_R2 T0_C2_1amp_R2_deep 
T3_C2_7amp_H_R2 T0_C2_7amp_R2_deep 
T3_C3_0amp_H_R2 T0_C3_0amp_R2_deep 
T3_C3_1amp_H_R2 T0_C3_1amp_R2_deep 
T3_C3_7amp_H_R2 T0_C3_7amp_R2_deep 

https://github.com/bramvandijk88/xenoseq


$ xenoseq -m xenoseq_metafile.tsv -p raw_reads -r _R*.fastq -o Xenoseq_Amp_Deep 

$ cat Xenoseq_Amp_Deep/summary.txt 
 

 

 

 



 

 

#!/bin/bash 
 
for C in {1..3}; do 
        for amp in 0 1 7; do 
                for R in 1 2; do 
                      echo "Merging for com ${C}, amp ${amp} and replicate ${R}"; 
                      ls T0_C${C}_${amp}amp_R${R}*_R1.fastq; 
                      ls T*_C${C}_${amp}amp_V_R${R}*_R1.fastq; 
                      # you could merge these by replacing 'ls' with 'cat' and piping it to a file 
                done; 
        done; 
done; 
 

 



Glossary 





 



Appendix I – Using in-house conda and installing Xenoseq 

$ source /data/modules/python/python-anaconda3/etc/profile.d/conda.sh 

$ git clone https://github.com/bramvandijk88/xenoseq.git 
$ cd xenoseq 
$ conda env create -f environment.yml 
$ conda activate xenoseq 
 

$ ./xenoseq -m example_metadata.tsv -o Xenoseq_example -l -t            # Full full 
pipeline 

$ xenoseq 
bash: xenoseq: command not found 

$ echo $PATH 
/usr/local/opt/bin:/usr/local/sbin:/usr/local/bin:/usr/sbin:/usr/bin:/sbin:/bin 

$ export PATH='$PATH:~/xenoseq' 

$ echo export PATH='$PATH:~/xenoseq' >> ~/.bashrc 

 

https://docs.conda.io/projects/conda/en/latest/user-guide/install/index.html

