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Before I even start talking MGX...

Logging in to Wallace: ssh vandijk@wallace

vandijk «— homedir, this is where

user2 you "start"
wallace user3
directory
structure

mpistaff
archive

micropop <+— I usuallly "work" from here
groups ~E

for really big-data stuff, work
mnt beegfs «— from here instead '

So, to do some stuff in your own directory in micropop:

cd /groups/micropop
mkdir my_directory
cd my_directory
bash my_script.sh

[Ty

Scripting with Bash (101)

create/open new script, e.g. nano my_script.sh
first line should always be: #!/bin/bash
example script:

#1/bin/bash
echo "Start script"
for file in *.fastq.gz; do
gunzip $file
echo "Done unzipping $file"
done;
echo "All files are unzipped. Hoping for the best!"
To run the script:
$ bash my_script.sh

Pro tip: if you have a slow script (e.g. one that copies a lot of files),
first create a "dummy" script that simply prints the commands without
executing them by adding "echo" in front of the steps.

Characters with special meanings:

current directory

i parent directory
eododd parent directory of parent directory
/ root directory
> pipe output to a file

(e.g. 1s *.fastq > all_reads.txt)
>> pipe output to file (append)

pipe output to another program
(e.g. 1s *.fastq | grep "1A")

< reverse pipe
(rarely used, but you may encounter it)
& when typed after a command, it will

put the process "in the background"
meaning you will get your prompt back
and can type more commands while the
other program is running.

$ access a variable
(e.g. echo $USER)
$0) store output in variable

(e.g. variable=$(command_here))

Useful commands:

command description example

cd change directory cd /groups/micropop

1s list content of dir 1s my/data

cp copy a file cp myfile.txt /groups/micropop
mv move (or rename) file mv myfile.txt myfile_renamed.txt
cat print file content cat myfile.txt

we count words, lines or chars wc -1 myfile.txt

grep find lines with pattern grep "read_001" myfile.txt

cut split by delimiter cat myfile.txt | cut -f2

nano command-line text editor nano my_script.sh

gedit graphical text editor gedit my_script.sh

sort sort input cat myfile.txt | sort -n

uniq remove duplicate items cat myfile.txt | sort -n | uniq
mkdir make new directory mkdir /groups/micropop/b_obama
echo print something echo "Hello!"

gzip zip file gzip reads.fastq

gunzip unzip file gunzip reads.fastq

Example of a chain of commands:
1s *.fastq | grep "1A" | cut -d '_' -f2 > all_samples_with_1A.txt




Why are MGX “workshops” hard?

Workshops usually have much more of a hands-on feel
but...
MGX is simply too slow for that.
but...

Let’s at least keep it interactive
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Problems with culturing bacteria in the lab

e Hard to find conditions for cultivation
(super specific conditions for thousands of species)

e Closed systems may be misleading
(who are we to say what does/doesn't interfere?!)

e Spatial structure matters, and culturing interferes with this!
(single isolates growing in circles is not solving this problem...)




How to study microbes in situ?

e What we need, are "snapshots" from natural systems. If you make a lot of
snapshots, you may even compile a movie!

e The most obvious "snapshot" is ofcourse microscopy, but it can only tell you so
much ...

e MGX tries to make snapshots of “information” — sensu bioinformatics 1972



Bioinformatics?

“Modern” definition of bioinformatics: the science of collecting and analysing
complex biological data such as genetic codes

Historically, the term bioinformatics did not mean what it means today

Paulien Hogeweg and Ben Hesper coined bioinformatics to refer to the study of
information processes in biotic systems



What this workshop is about (3 goals)

(modern) Bioinformatic skills < > Using standard pipelines
(scripting, installing tools, etc.) (e.g. Anvio)

e Lectures are focussed on basic steps, concepts and nomenclature. This will get you to
the level of a "good collaborator" — you know what you can/can't do with MGX

e The syllabus/practicals are meant as “finger exercises”, knowing how to do the steps,
and are mostly introductory

e Consultancy. | am leaving soon, so get all your questions out . You can email me in the
future, but now is the best time to talk about your data! :)



Workshop overview

e Two morning lectures, today and tomorrow (10-12.30)
> Today will focus on basic principles
> Tomorrow will focus on HGT and how to detect it

e Two afternoon sessions of hands-on stuff.
> Work through the syllabus that helps you get started with MGX

> Try out the xenoseq pipeline for the H/V experimental designs
> Bring your data, ask questions!



Annotation is often the primary focus: 165
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With shotgun MGX, a lot happens before annotation

reads (~150 bases) — VAR dati s >read mapping
assembly e =y =3 /
contigs (~100 kbs) — e \J

TetraNucleotides Frequency Abundance

-l o e o -
abale, e e s
el o = Pl

genomes (mbs) —

(amplified) sequencing

binning

bins / MAGs (mbs) —

(metagenome assembled genomes)




Gigabses per run (log scale)

“Next” generation sequencing
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Brief recap of illumina sequencing

Read 1 Index 1 (i7) Read Index 2 (i5) Read Read 2
Genomic DNA Fragmentation Add adaptors
PS Adapter i5 Index
ST e | | I L I/,ﬁ.,_m.
Primer
DNA
Bind to flow cell Bridge PCR Insert
Index
l l l N D || | P7 Adapter i7 Index | i i7 Index : L: :nd‘ex
"y i ! ; i5 Index
D I' D i : Primer (Grafted P5)
" ! ! 1! TITELTT777T T7T7717777 777777777

Cluster formation Sequencing

1. The DNA fragment is not the read
W || " 2. Two adapters allow reading in

Im i | both directions

3. Insertis the bit that isn't sequenced

4. “Quality” — confidence




A fastafile ....

>VHO00578:2:AAAJVKHHV:1:1101:32963:9216 1:N:0:TCTTATTA+GGCAACCT
AAGTATGAGTGAGCCCGTTGACAATAGGGTTGTGATATTTTTCTGCTTGATGTTGTATTGGTCCAACTTTTCCTTTAAA
ACT

>VHO00578:2:AAAJVKHHV:1:1101:58072:9216 1:N:0:TCTTATTA+GGCAACCT
GTCTGCACATTGCCGGACAAATTGCCAGAACCCTCAGTCCGGTGCCTGATAAAAACAGGAAGCTCCTGATAACCGGCGEG
TCC

>VHO00578:2:AAAJVKHHV:1:1101:24499:9235 1:N:0:TCTTATTA+GGCAACCT
CAGTATACCTACACTATCAGCACACCAACGCTTCTCCATTCTCCTCAAACCACTCTCCGCCATCTTAGCAGCCATGCCA
CTC

>VHO00578:2:AAAJVKHHV:1:1101:28892:9235 1:N:0:TCTTATTA+GGCAACCT
TCATAATAATTCGCAAACTATATCCGGGTAGAGGTCCGGATGTCAACCAAAAATATACACTGTGAGCTGGATCGAACGC
AAG

>VHO00578:2:AAAJVKHHV:1:1101:31240:9235 1:N:0:TCTTATTA+GGCAACCT
GAGTTCGATGCCCTGGACGAGCTGCGCGGCTTCGCCGCCACCCTCGGCCGGCGCCTGGGCGAGATGCATCAGGTGCTCEG



@MM123:002:FC123AB:3:2208:3330:9840 2:Y:18:ATCACG

AGGATACTAGCATAGATACCCTAGATAGTCATAGATCATGATAGGGAGATCTA

+
IJJJJJJIITIITIJITIITIIFFFEEEEEDDDDDDCABBBBB@E0O0) ) ) ) * (*

Quality scores across all bases (Sanger / lllumina 1.9 encoding)
CCCCCcCcceceeeececeeececay.
38
ASCII Characters Encoding Q-scores 0-40 29
Symbol | ASCII Q- Symbol | ASCII 34
Code Score Code 32 Error
33 0 / 47 30
28
34 1 0 48 0,
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24
$ 36 3 2 50 22 = 1%
37 4 3 51 20
& 38 5 4 52 18
~ = 16 D = 0.1%
39 6 5 53
14
( 40 7 6 54 12 =
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43 10 9 57 € DOO = 0.001%
4
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Fastq » Anvio: “Ready-to-use” pipeline

Anvio is a great tool to do “everything”

https://anvio.org/

Why | won’t get into Anvio

“‘Doing everything” doesn’t imply “getting all the knowledge”
| want you to know what you’re doing first

It's not as easy-to-use as advertised
| am not an expert on Anvio

Other tools

MetaWrap, Squeezemeta, MG-Rast (online!), nf-core-MAG

Interface Demo VI
Tree order: default | Current view: single | Sample order: custom
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Bash (bhourne-again shell)

e Bashisintegral to everything you do in the terminal:
Is to list files, cp to copy files, mv to move file, etc.

e You can write a series of these commands in a BASH script

e Forexample:

#!/bin/bash

echo “Let’s roll a 6-sided die”
die=$((RANDOM % 6 + 1))

echo “You threw a $die”



';:;E Write me a bash script that loops through all files ending in ".fastq.gz" and unzips the files to
- a new directory called "unzipped_reads".

@ Here's a bash script that should do what you're asking for:

bash

#!/bin/bash

mkdir -p unzipped_reads
file *_fastq.gz
base=$(basename .fastq.gz)

gunzip -c

This script first creates the "unzipped_reads" directory using “mkdir -p- to avoid errorsin
case the directory already exists. It then loops through all files in the current directory that
end with ".fastq.gz", and for each file it extracts the base filename without the ".fastq.gz"
extension using the “basename ~ command. It then unzips the file to the "unzipped_reads"
directory with the same base filename using “gunzip -c°.The "-c" flag tells “gunzip" to
write the output to stdout instead of a file, and the output is redirected to a file with the same
base filename and the ".fastq" extension in the "unzipped_reads" directory using the *>"

operator.

Note that this script assumes that the files are compressed using gzip compression and that
the “gunzip" command is available on your system. If your files are compressed using a
different compression algorithm or if you don't have ~gunzip " installed, you'll need to modify

the script accordingly.

;E Rewrite the script to add the name of a random famous clown to every file.

@ Sure, here's a modified version of the script that adds a random famous clown's name to the

beginning of each unzipped file:

bash D Copy code

#!/bin/bash

mkdir -p unzipped_reads

clowns=(

file *.fastq.gz

base=$(basename .fastq.gz)

gunzip -c




$ 1ls raw_reads_course

5316_AD_run721_CCTCGCAG_S499 LO01_R1_001.
5316_BN_run721_TCTTATTA S530_L002_R1_001.
5316_EB run722 TGACAACC_S332_L001 R1_001.
5316_AD_run721_CCTCGCAG_S499 LO01_R2 001.
5316_BN_run721_TCTTATTA S530_L002_R2_001.
5316_EB run722 TGACAACC_S332_L001_R2_001.
5316_AD_run721_CCTCGCAG_S499 L002_R1_001.
5316_CX_run721_ACAAAGTG_S565_L00O1_R1_001.
5316_EB run722 TGACAACC_S332_L002_R1_001.

fastqg.
fastqg.
fastqg.
fastqg.
fastqg.
fastqg.
fastqg.
fastqg.
fastqg.

gz
gz
gz
gz
gz
gz
gz
gz
gz

5316_AD_run721_CCTCGCAG_S499_L002_R2_001.
5316_CX_run721_ACAAAGTG_S565_L001_R2_001.
5316_EB run722_TGACAACC_S332_L002_R2_001.
5316_BN_run721_TCTTATTA S530_L001_R1_001.
5316_CX_run721_ACARAGTG_S565_L002_R1_001.

5316_BN_run721_TCTTATTA_ S530_L001_R2_001.
5316_CX run721_ ACAAAGTG_S565_L002_R2_001.

fastqg.
fastqg.
fastqg.
fastqg.
fastqg.

fastqg.
fastqg.

gz
gz
gz
gz
gz

gz
gz



Step 1: the “rosetta stone”

Refers to a black basalt stone found in 1799 which is being used to this day to
decipher hieroglyphics

$ 1ls raw reads course

I5316 AD run721 CCTCGCAG S499 L0O0l R1 001.fastq.gz]| |5316 AD run721 CCTCGCAG S499 L002 R2 001.fastq.gz]
5316_BN_run721_TCTTATTA_3530_LO02_Rl_001.fastq.gz 5316_CX_run721_ACAAAGTG_3565_LOO1_32_001.fastq.gz
5316 EB run722 TGACAACC S332 LOO1 Rl 001.fastg.gz 5316 EB run722 TGACAACC _S332 L002 R2 00l.fastq.gz
I5316 AD run721 CCTCGCAG S499 L001 R2 001.fastq.gz] 5316 BN run721 TCTTATTA S530 L001 R1 00l1.fastq.gz
5316_BN_run721_TCTTATTA_3530_LOOZ_RZ_OO1.fastq.gz 5316 _CX run721 ACAAAGTG_S565 L002 Rl 00l.fastq.gz
5316 EB run722 TGACAACC S332 1001 R2 001.fastqg.gz

I5316 AD run721 CCTCGCAG S499 L002 R1 001.fastq.gz] 5316 BN run721 TCTTATTA S530 L001 R2 00l.fastq.gz
5316_CX_run721_ACAAAGTG_SS65_L001_Rl_001.fastq.gz 5316_CX run721 ACAAAGTG_S565 L002 R2 001.fastqg.gz
5316_EB run722 TGACAACC_S332 L002 Rl 001.fastqg.gz

$ cat rosetta_stone.txt
5316_AD Tl Cl_7amp H

5316_BN T2 Cl_7amp H

5316_CX T3 _Cl_7amp H

5316_EB Tminusl Cl_powersoil



Step 1: the “rosetta stone”

Pseudo-code of O1_retrieve_data.sh: copy files from the archive to your own directory.

1. Make directory called ‘raw_reads_renamed’
2. Then, go through the rosetta_stone.txt file line by line, doing:

a. Find all file(s) containing “5316_AD” in Wallace’s archive
(or for the workshop, from the ‘raw_reads_course’ directory)

b. Unzip the file(s) to a new directory under the name
“T1_C1_7amp_H.fastq”

c. Gotothenextline




Step 1: the “rosetta stone”

(the actual code)

#!/bin/bash

path_to_fastq_files="raw_reads_course"
dir renamed_files="raw_reads_renamed"

mkdir -p $dir_renamed files

cat rosetta_stone.txt | while read line; do
old name=$ (echo $line | cut -£f1)
new_name=$ (echo $line | cut -£2)

echo "Reads with prefix $old name will be unzipped and merged under the new name $new_name (fastq for both Rl and R2)"

zcat $path to_fastq files/${old name}_ *Rl*.fastq.gz > ${dir_ renamed files}/${new_name} Rl.fastq

zcat $path to_fastq files/${old name}_ *R2*.fastq.gz > ${dir_ renamed files}/${new_name} R2.fastq
done;



For the workshop » a lot of scripts are already run

vandijk@newnode®1_MGX:/groups/micropop/MGX_Workshop_vandijk$ 1s -1

vandijk staffmpi 267 Apr 4 15:37
vandijk staffmpi 327 Mar 31 13:10
vandijk staffmpi 343 Mar 15 13:28
vandijk staffmpi 1462 Mar 6 10:51:
vandijk staffmpi 927 Mar 8 9
vandijk staffmpi 888 Mar 24
vandijk staffmpi 164 Mar 31 :54
vandijk staffmpi 1621 Mar 31 :06
vandijk staffmpi 87 Mar 31 146
vandijk staffmpi 271 Mar

vandijk staffmpi 572 Mar

-FWXIWX- - -
-FWXIWX- - -
-FWXIWX- - -
-FWXIwWX---
-FWXIWX- - -
drwxrwx---
-FWXIwWX- - -

-rWXrwx---

-FWXIwWX---
drwxrwx---
-FWXIwWX- - -
-FWXIwWX- - -
drwxrwx---
-FWXIWXT - -

vandijk staffmpi 64 Apr
vandijk staffmpi 1385 Apr
vandijk staffmpi 5786 Apr
vandijk staffmpi 76
vandijk staffmpi 43
vandijk staffmpi 11427
vandijk staffmpi 5724
vandijk staffmpi 1072
vandijk staffmpi 328
vandijk staffmpi 592
vandijk staffmpi 92

drwxrwx---
drwxrwx---
-FWXIwWX- - -

il
il
i
d
il
il
6
d
3
3
il
drwxrwx--- 2 vandijk staffmpi 432 Apr
i
3
il
il
2
i
i
2
2
2
il




Step 2: read trimming: cleaning up raw reads

Remove (remaining) adapters:

Read 1 Index 1 (i7) Read Index 2 (i5) Read Read 2
1 1 . P5 Adapter i
Trim the poor-quality / poly-G ends: g Readt Read?
Primer Primer
Quality scores across all bases (Sanger / lllumina 1.9 encoding) ¥
DNA
Insert
i7 Index
L Primer
P7 Adapter i7 Index | } i7 Index §,.10Indox
b N i5 Index
Primer (Grafted P5)
777777777 777777777 777777777

Remove PCR duplicates:

1 2 3 45 6 7 8 3

15-19 25-29 35-39 45-49 55-59 65-69 75-79 85-89 95-99 105-109 120-124 135-139  150-152
Bositioninfiead (bp) « Occur during library preparation
« Don't add unique information
+ Optical duplicates

Note: sequencing devices or companies often
already do some preliminary cleaning for you!




FastQC/FastP: tools that do all of that

1. Generate nice reports of how good your reads are

2. Don’t expect “perfect” reads, every sequencing technology has a few
consistent things they perform bad at.

— WEe'll look at a fastp report together in a minute



Step 2: read trimming

vandijk@newnode®1_MGX:/groups/micropop/MGX_Workshop_vandijk$ 1s -1

vandijk staffmpi 267 Apr 4 15:37
vandijk staffmpi 327 Mar 31 13:10
vandijk staffmpi 343 Mar 15 13:28
vandijk staffmpi 1462 Mar 6 10:51
vandijk staffmpi 927 Mar 8
vandijk staffmpi 888 Mar 24
vandijk staffmpi 164 Mar 31
vandijk staffmpi 1621 Mar 31
vandijk staffmpi 87 Mar 31
vandijk staffmpi 271 Mar

vandijk staffmpi 572 Mar

il
-rwxrwx--- 1
i
d
il
il
6
d
3
3
il
2 vandijk staffmpi 432 Apr
i
3
il
il
2
i
i
2
2
2
i

-FWXIWX- - -
-FWXIWX- - -
-FWXIwWX---
-FWXIWX- - -
drwxrwx---
-FWXIwWX- - -

-FWXIwWX---
drwxrwx---
-FWXIwWX- - -
-FWXIwWX- - -
drwxrwx---
-FWXIWXT - -

vandijk staffmpi 64 Apr
vandijk staffmpi 1385 Apr
vandijk staffmpi 5786 Apr
vandijk staffmpi 76
vandijk staffmpi 43
vandijk staffmpi 11427
vandijk staffmpi 5724 Apr
vandijk staffmpi 1072
vandijk staffmpi 328

vandijk staffmpi 592 : )
vandijk staffmpi 92 : Let’s take

a look!

drwxrwx---
drwxrwx---
-FWXIwWX- - -



Step 2: read “trimming”

+

CCCCCCCCCCCCCCC C e rreeeeeeececececececececececececececececececececececececececececececececececececececececececececcce
@VHOO0578:2:AAAJVKHHV:1:1101:32963:9216 1:N:0:TCTTATTA+GGCAACCT
AAGTATGAGTGAGCCCGTTGACAATAGGGTTGTGATATTTTTCTGCTTGATGTTGTATTGGTCCAACTTTTCCT
+

CCCCCCC; CCCCCCCCC e reeececececececececececececececececececee; ceeeeeececececececececececececececececeeee; ccecce
@VHO0578:2:AAAJVKHHV:1:1101:58072:9216 1:N:0:TCTTATTA+GGCAACCT
GTCTGCACATTGCCGGACAAATTGCCAGAACCCTCAGTCCGGTGCCTGATAAAAACAGGAAGCTCCTGATAACC
+

CCCCCCCCC; CCCCC e —=crreececececececececececececececececececececececececececececececececececececececececececececececcce
@VHOO0578:2:AAAJVKHHV:1:1101:24499:9235 1:N:0:TCTTATTA+GGCAACCT
CAGTATACCTACACTATCAGCACACCAACGCTTCTCCATTCTCCTCAAACCACTCTCCGCCATCTTAGCAGCCA



Intermezzo:
Did we sample “deep enough”?




How can we tell if we have “enough reads” ?

1. if you are working with an isolate for which you know the expected
genome size, we can calculate this ourselves:

readnumber - readlength

geENOMeESLze

2. however, we often don’t know the genomes size, and we have many
different players. Now what?



Rarefaction: how ecologists or bird watchers
estimate species abundance

o ® o @ @

observations: ... o0 .. ® .‘ o o0 o o0
o0 ® 0 ® 0 () o0 O ® 0

total species o 4 6 7 v, 7 7

observed:

total species
observed:

# observations



Rarefaction in metagenomics, how to get “observations”?

total reads observed:

# reads

e However, there are 41°°possible reads ... 2.0e+90. (particles in the universe is ~
3.0e+80).

e Reads aren’t random, but still.... less combinations would be better...

o Kmers! 24-mers->2.8147498e+14



Rarefaction: hopefully, things flatten out

Translated to MGS: if we had

Rarefaction curve more reads, we probably would
rf have “seen more stuff”
Stillincreasing,
notconverged.
Nonpareil Curves
Horizontal
asymptote, §
converged. o
3
&
2
®
©
£
E B 10-KD173041_S1_unaligned.both
| 1 B 10-KD173041_S1_unaligned
Number of observations ! J ' '

1e+03 1e+06 1e+09 1e+12

Sequencing effort (bp)



This is where it gets interesting



Step 3: assembly of genomes

Two types of assembly: reference-guided and de novo

A) Reference Genome
— _———— Reference
Resids 1 —_—— Assembly
B)
De Novo Assembly




How to de novo assemble a genome?

The naive approach

Greedy extension

Allreads ==  Startwithanyread =% Extend  =————p Final contigs
—__ V
Repeat with

different read



How to de novo assemble a genome?

The actual golden standard: de Bruijn Graphs

De Brujin Graphs

Divide reads in Create k-mers
All reads k-mers graph

Choose paths to

create contigs
k=4

AGTGGTCG GTCGAAAT CCTCGATG AGTGGTCG GGTCGAAA CCTCGATG

AGTGGTCG GGTCGAAA CCTCGATG

— — AGTG GTCG ccTe AGTG 6ote ] cere AGTG 'GGTC cere
— T— GTGG TCGA CrCG GTGG G1CG| CTCG cTCG
——— — "
N e— TGGT CGAA TCGA TGGT [TCGA ™ TCGA|
I —e GGTC GAAA CGAT GGTC CGAA CGAT
e ) — e
— GTCG ARAT GATG GTCG GAAA GATG (GICG | GAAA GATG
= — —
AGTGGTCGAAA



Why Kmers rather than read alignment?

Global vs. Local Alignments

Local
Global
Create k-mers Choose paths to
Local graph create contigs
AGTGGTCG GGTCGAAA CCTCGATG AGTGGTCG GGTCGAAA CCTCGATG
AGTG GGTC ccre AGTG GGTC ccTe
GTGG GTCG| c1Cc6 GTGG GTCG cTCe
TGGT TCGA TCGA TGGT TCGA = TCGA
GGTC CGAA CGAT CGAT
G GTCG GAAA GATG GICG GATG
BLAST: Basic Local Alignment Search Tool l

AGTGGTCGAAA




How to know which paths are connected?

Li BFG 2012

5 contigs
instead of 2....

Thenisn't greedy
extension better?




Chimeras are a big problem in metagenomix

This venomous creature eats grass and runs 80 km/h




But chimera’s are avoidable!

K-mers

Converge: K-mer coverage goes up

Diverge: K-mer coverage goes down

kmer cov

kmer cov

“Wrong” paths: three Kmer coverage patterns

Question: under what circumstance do you still get chimeras?




Good assemblers (megahit, metaspades) take this into account

~
N
~
~
- ~
~
| ~
~
pERRENRE, -



No matter how hard we try, contigs are still not genomes

Repeat Repeat Repeat
A Genome: 0 — s T E— i E—

B Fragments: e e ——— —r— e ————
e TS —— [ —— e

|

C  Pool of short reads: D Assembly graph:

s D as—

—_—— - Game over for
= === — — assembly, we
_— = S will get into

— “binning” later

E Possible resolutions: l




Step 3: assembling contigs with megahit

#!/bin/bash

read dir="reads"

assemble () {
sample=$1 # first argument passed to function is accessed by $1, this is the sample
name
echo "Now assembling sample $sample..."
megahit -1 ${read dir}/${sample}_trimmed Rl.fastq -2
${read dir}/${sample}_ trimmed R2.fastq -t 8 -o Assembly ${sample}
}

assemble Tminusl_Cl_powersoil
assemble Tl _Cl_7amp H
assemble T2 _Cl_7amp H
assemble T3 Cl_7amp H



Step 3: assembling contigs with megahit




How good is your assembly? (N5o0, etc.)

e Longer contigs are always good, but simply using “average length”
is aonly a crude estimate: we don’t know the expected length, plus
there are plasmids, phages, etc.

e Instead, we can use a metric called N50/L50:

Example: | Mbp genome 50%
v

B — 50 ength =30k
e b L ECEC AN o <ot et ey

e Inprinciple this works for multiple genomes too: how many
contigs do you need to span 50% of the whole assembly?




Example: | Mbp genome 50%

Bbstats.sh ol G R GMATA

$ bbstats.sh 03_Assembly output/Assembly Tminusl Cl powersoil trimmed/final.contigs.fa

AL G T GC GC_stdev

0.2165 ©0.2867 ©.2839 0.2129 0.5706 0.1037

Main genome contig total: 70248!\/\F2(3}+!

Main genome contig sequence totals 50 B
Main genome contig N/L50: 12052/743
Main genome contig N/L90: 54622/353

Max contig length:

N ioticontios s 1 X8, : e NOTE: These are rough estimates of “quality”,
main genome in contigs > 1 KB: :
so only use them to compare your own samples
Mo s Humber , with each other (e.g. to test which DNA
ontig o . .
Contigs extraction kit worked better)

51507245
35351508
20730498
14246144
11913512
8884571
5034830
4109315
3095026
1836172



Taking a peek at the assembly file

$ head 03 Assembly output/Assembly Tl Cl 7amp H trimmed/final.contigs.fa

3k141 35866| flag=1l multi=3.0000 len=369
GCCATCGAGAGCATCGCGTTTCAAAGCGCCGATCTCCTCGCCGCCATGCAGGCCGACTCG. .

>k141 15372 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. ..

>k141 35963 flag=1 multi=6.0000 [Len=10346 |
AGGATGGGGTGATGCAATTGCTTCACGGCGGCGAGCACGTCGGCCTCGCGCGCCGCACGCACGAAGGCGGCGCTCAACGGAAAG
CGGCGGCCGGCGAGGATGGGGTGATGCAATTGCTTCACGGCGGCGAGCACGTCGGCCTCGCGCGCCGCACGCACGAAGGCGGCG
CTCAACGGAAAGCGGCGGCCGGCGAGGATGGGGTGATGCAATTGCTTCACGGCGGCGAGCACGTCGGCCTCGCGCGCCGCACGT
ACGAAGGCGGCGCTCAACGGAAAGCGGCGGCCGGCG ...




Read mapping: the swiss army knife of MGX

e “Mapping”is similar to “aligning”, but is more concerned with if/where a small
sequence aligns to a larger sequence (whereas aligning is usually referring to how
two similar sequences compare)

e That said, mapping is technically the same as aligning (it’s just nice to know how
people use it)

e Using read mapping, we can determine “coverage”, but these come in two flavours:

e Depth, average number of reads mapping across the contig (sometimes referred to
as vertical coverage)

e Breadth, the percentage (or fraction) of base pairs covered by at least X reads.

e These statistics can be used as indicators of “abundance”, but we have to be
careful!



Coverage can indicate abundance

.o ’ depth ~ 40
breadth ~ 1
depth ~ 250 (1)
breadth ~ 0.5 (1)

e NOTE: | strongly advice making claims of absolute abundance (this depends too much on
sampling quality, PCR cycles, biases...)

e NOTE: It would be unfair to conclude that sequence 2 is “more abundant” than sequence 1
e However: situation 2 will not happen when you map back on the sample itself (think about it:
how could it?). With cross-sample comparisons, best practice is to combine breadth/depth. And if

you base your entire analysis on a few contigs, at least check the coverage distributions



Back-mapping

Burrows-Wheeler Transform

In fact, this gives us a new definition / way to construct BWT(T):

o[ T[SA[]—1] if SA[i] >0
B = { $ if SA[i] =0

“BWT = characters just to the left of the suffixes in the suffix array”

Sabaaba
aSabaab
aaba$ab
abaSaba
abaabas$
baSabaa
baaba$a

BWM(T)

4

° BWA is a mapping tool that uses burrows-wheeler transforms

° All you need to know now, it that we must first “make” the transformation
matrix, and then read mapping is really fast! (it can map millions of reads
in mere minutes!)

° The output it what is a “binary alignment map” (BAM)

$ bwa index $contigs
$ bwa mem -t 8 $contigs $read dir/${sample} trimmed R1l.fastq
$read dir/${sample} trimmed R2.fastq > $output/read mapping.bam

° The human-readable version of a BAM file is a SAM-file, which stands for
“sequence alignment map”, which is produced by opening a bam-file with

samtools:

$ samtools view read mapping.bam | head -n 3

VHO0578:2: AAAJVKHHV:1:1101:65040:12018 99 k141_29350 2320 60 151M =
2497 328
CTACCGAACACCGCGGCCGTCACTGGCCAC GAACTTTACGGGGCGCGGTGTGCTGCGGTTCGCGGAAACACGCGGGTTTGAACGCCCTGTTTC

TGGTTCTGGCGCATAAACCGCCGACCGTCACGACTCGCTTTCCTGATCCATCT
CCCCCCCCCCCCCCCCLCCCLLC; CCCLLLrLLLLrrreeeeeeeeeeeeeeeeeeeecceccceeeeeeecccccecccecececeececcececcccecceceecccececcecc

CCCCCCCCCCCCCCCC ; CCCCCCCCCCCC; CCCCCCCCCCCCCCCCCCCCCCC NM:i:1l  MD:Z:149G1 AS:i:149
Xs:i:0

VH00578:2:AAAJVKHHV:1:1101:65040:12018 147 k141_29350 2497 60 151M =
2320 -328

TCCACGGCCGTTTCCGGCGTTTCGTCCGGGCCGATGACGCCATCGCCCCACGCCTCAACGCACTGGGCGTGCGTGAGCCCGGTCCGCTGCTGCAGCAA
CGCAATGAACCGTGCCTTGAAGGCTTCTTGTGCCTGTCTATCCATTCCTGGCC
—CCCCCCCCCCCCCCCCCCCCCCCCLLLLLLCLLLLrrrreeeeeeeeeeeeeeeecccceecceeeeeecccccceceeeecececccccceccecceecececececcecce

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC; 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

GGCCGGCAGGAGAGTAACTTCCACCCATACCCTCCGTGATCCGCAATTGTGGTCTGTAGAAACGCCGCAATTATACCGGGTAAAAACTACCGTAAAAG
ATAAAAAGACGGGCCGGGTTTGGGAACAGACCACCCACACTTTCGGACTCCGG



Back-mapping: getting depths

$samtools sort read mapping.bam > read mapping.sorted.bam

$samtools coverage

e  Which will gi’

#rname startpos endp:

k141_35866
k141 15372
k141 0
k141_5124
k141_30743
k141_25620
k141_10248
k141_15373
k141 20496

1

1
1
1
1
1
1
1
1

Read d;pm ‘

100~

Coverage of 5 longest contigs

k141_15895 | |

08+00 105
K141_35817

K141_5485

e
et aahe st et it e ki U e st o e b L e

K141_9918

Position along contig



Binning: the biggest challenge in MGX

Because of fragmentation of contigs (because of repeats), there will be MANY more

contigs than there are genomes/replicons in your sample

How can we determine which ones belong to “the same genome”?

Hi-C metagenomics (Meta 3c)

1. Cross-linking DNA

2

o

2. Digest

2t
=t

3. Ligate / pull out hybrid sequences

o0

=,

3. Use contact information for binning

-----------

..........
..........

..........




Binning with metabat

CEE A CEE NS e Tometia
A BETF L mmT A LI gl
P AT AR LT AR LAY
Lo ha= ol | Lt ol | Lo b= ol | Lo ol |

TetraNucleotides Frequency Abundance
Lot il malle. mmm. sl 2l
Lol i il e I Bl mmm
Landistessiainit s tiiisiil SEille, s, === ol

o
VT~

(]
\J

Preprocessing

Samples from multiple sites or times

Metagenome libraries

Initial de-novo assembly
using the combined library

MetaBAT

Calculate TNF for each contig

Calculate Abundance per library
for each contig

6]
Calculate the pairwise distance
matrix using pre-trained
probabilistic models

Forming genome bins iteratively



Now we have “the end product” of MGX

Very different from 16s:
$1ls 05 Binning
MAG.1.fa Before we annotated ANYTHING we did
MAG.2. fa a lot of work to get bigger and bigger
collections of DNA, which eventually

MAG.3.fa .
gave us what is known as....
MAG.4.fa
MAG. lowDepth. fa
MAG. tooShort. fa Metagenome-assembled genome (MAG)

MAG.unbinned. fa

metabat abundance file.txt
Everything we will do from here is
essentially “genomics”



MAGs: what are they?

Not genomes.



How “good” are the MAGs?

BBSTATS

$ bbstats.sh MAG.2.fa -format=7

A Cc

G T

GC

GC_stdev

0.3269 0.1734 0.1728 0.3269 0.3462 0.0097

Main genome
Main genome
Main genome
Main genome

contig total:

contig sequence total:

contig N/L50:
contig N/L90:

Max contig length:
Number of contigs > 1 KB:
% main genome in contigs > 1 KB:

Minimum

Contig

2772

10000

25000

50000

100000

Number
of
78
62
40
22
6

Total

Contig

3095686

2998612

2624293

1960566

773507

78

3.096 MB
16/74535
48/19106
167244
78
100.00%

CHECKM

Estimates “completion” and “contamination” of
your MAG based on single-copy marker genes

As always: a good indication but don’t bet your
life on it.




Why are my MAGs so bad?

Many microbial communities have a long-tailed abundance curve:

100

e T,,(H+V)
10 - ¢ T, (H+V)

per cent abundance

0 50 100 150 200 250
genus rank (bacteria)



Strategies for improving MAGs

e Sampling MAGs from many environments and different
conditions (but, dereplication is necessary!)

e Cross-assembly (sometimes co-assembly), which is S;f::('; 1
simply pooling reads from many samples into one big file, g
and assembling the result. = 5

// 5
Your computer will need a LOT of RAM if you do this Sample 2
(sometime terabytes...) Reads
£ N N
— _} \\
Also: increases risks of chimera’s, so take care !! SN

e Combine illumina with long-read sequencing technology
(nanopore, etc.) to get high quality genomes




As said: a lot happens before annotation! :)

e Today: trimming, assembly, and binning

e Tomorrow: annotation and detecting horizontal gene transfer



Hands-on part of the workshop

What to do? Howdo doiit?
° Option 1: follow instructions in the workshop manual ° On Windows you need to either (i) download a terminal
to get some finger exercises on how to do each step. emulator (MobaXterm is my hot tip), or (ii) use our
Because MGX is not super fast, running the whole suite webvpn service: https://webvpn.evolbio.mpg.de/

will take a while...
e LogintoWallace using ssh

e  Option 2: study the scripts from option 1 without <username>@wallace.evolbiompg.de
running, and go inspect some of the output that was
already run for you at: e Loginto either node01-04 using:
/groups/mpistaff/MGX_workshop/MGX_workshop_va $ ssh node01
ndijk
e  For webvpn users: your sessions may time out after
e  Option 3: talk to me or Pauline about what you could some time of inactivity. If this happens, try opening up a
do with *your* data. Are you stuck? Do you need help ‘screen’ after you login to wallace like this:
finding a tool? Let us know :) $ screen

After you timed out (disconnected), you can find your
session like this
$ screen -list

And reconnect like this:
$ screen -r <SESSION_ ID>


https://webvpn.evolbio.mpg.de/

Logging in to Wallace: ssh vandijk@wallace

vandijk «— homedir, this is where
user2 you "start"
wallace user3
directory
structure micropop «— I usuallly "work" from here
—— groups ~E mpistaff

archive

for really big-data stuff, work

mnt beegfs +— from here instead

So, to do some stuff in your own directory in micropop:
$ cd /groups/micropop
$ mkdir my_directory
$ cd my_directory
$ bash my_script.sh

Scripting with Bash (101)

e create/open new script, e.g. nano my_script.sh
« first line should always be: #!/bin/bash
e example script:

#!/bin/bash
echo "Start script"
for file in *.fastq.gz; do
gunzip $file
echo "Done unzipping $file"
done;
echo "All files are unzipped. Hoping for the best!"

To run the script:
$ bash my_script.sh

Pro tip: if you have a slow script (e.g. one that copies a lot of files),
first create a "dummy" script that simply prints the commands without
executing them by adding "echo" in front of the steps.

Characters with special meanings:

current directory

o off parent directory
s alsl parent directory of parent directory
/ root directory
> pipe output to a file
(e.g. 1s *.fastq > all_reads.txt)
>> pipe output to file (append)

pipe output to another program
(e.g. 1s *.fastq | grep "1A")

< reverse pipe
(rarely used, but you may encounter it)
& when typed after a command, it will

put the process "in the background"
meaning you will get your prompt back
and can type more commands while the
other program is running.

$ access a variable
(e.g. echo $USER)
$() store output in variable

(e.g. variable=$(command_here))

Useful commands:

command description example
cd change directory cd /groups/micropop

1s list content of dir 1s my/data

cp copy a file cp myfile.txt /groups/micropop
mv move (or rename) file mv myfile.txt myfile_renamed.txt
cat print file content cat myfile.txt

wc count words, lines or chars wc -1 myfile.txt

grep find lines with pattern grep "read_o001" myfile.txt

cut split by delimiter cat myfile.txt | cut -f2

nano command-line text editor nano my_script.sh

gedit graphical text editor gedit my_script.sh

sort sort input cat myfile.txt | sort -n

uniq remove duplicate items cat myfile.txt | sort -n | uniq
mkdir make new directory mkdir /groups/micropop/b_obama
echo print something echo "Hello!"

gzip zip file gzip reads.fastq

gunzip unzip file gunzip reads.fastq

Example of a chain of commands:
1s *.fastq | grep "1A" | cut -d '_' -f2 > all_samples_with_1A.txt




Let's start with questions
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PART II

SCIENCE IN ITSOWN'RIGHT

Annotation and horizontal gene transfer [—— 3
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First: Let's copy some files




MAGs from Steven Quistad's compost

a. Temporal trajectories of dominant MAGs b. Metabolic functions of MAGs

Vertical communities (VCs) Horizontal communities (HCs)

ke MAG annotation (BAT) Metabolic function

078

Auxenochlorella protothecoides (species) I
Azospiritlum (genus) [0 :H
Azospirilum doebereinerae (species) [l
Azospirillum lipoferum (species)
Azospirillum thiophilum (species)
Candidatus Saccharibacteria (phylum) = %
Candidatus Saccharibacteria bacterium 32-50-13 (species)
Cellvibrio (genus), Nitrogen fixing
Cellvibrio (genus) (]
Cellvibrio japonicus (species) | -
Cellvibrionaceae Bs12 (species, single circular contig) [[55]
Emticicia (genus)
Flavobacteriaceae (family)
Flavobacteriales bacterium (species)
Flavobacterium (genus) [Jll
Flavobacterium sp. 40-81 (species)
Leadbetterella byssophila (species) [l
Nitrosomonas (genus) [l
Nitrosomonas europaea (species) [T
Opitutaceae (family) 2|
Opitutae (class) [
Opitutus (genus) -
Opitutus terrae (species) ||
Proteobacteria (phylum) [l
Rhodanobacter (genus, various variants) [[G3
Rhodanobacter denitrificans (species) [l
Rhodanobacter fulvus (species) [l
Rhodanobacteraceae (family) [l
Rhodobacter sp. 24-YEA-8 (species)
Rhodobacteraceae (family)
Rhodobacterales (order) Il
Rhodospirillales (order)
Sporocytophaga myxococcoides (species) [l

Relative abundance of MAGs

B
O&Q\f

o 2 E ¢ &
S EE L
Time point (weeks) . 6*(‘ @‘"\k@
cp“;\\f “‘*‘“’ﬁ
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How do you go from sequence to a “function”?

Prodigal: predicting open reading frames (ORFs)

terminator

— i

Frame1 ATGACACGATATGAGATATGCATAGAAAGCGAATATAGATAG Open @D
L J L J L J

J L J 1 J L J L J L J L J L J L J L J L J L

Prokka: prodigal + annotation

D A fts\\/ > nurG A\ murC 1 A CDS A fLSA 2 ftsZ 2 <RSI | nltG 2 2 < dapk 2 K
J CDS . K. CDS K CDS J < si2E K CDS ) gyrA ) p < el K CDS _K Ll o
(\ERRA P ispH. Ko cmk ) < pal z J < cbs J < VB K BV fam) Ba < CDS ) <alum)




Prokka can be run on any fasta file
$ prokka 05 Binning/MAG.3.fa --prefix 06 Prokka MAG3

amino-acid sequences of proteins

gbk = genbank file

gff = general-feature format:

KKK <SS . Amrc... AU > < KCe KUK E) <bedhPpeey Al A LAl AdlVE
d W

B A\ Ml V) ¥ (A

@RS ALV LA UL (LD Uy CdPCdoe WEIPISEESS T (RNA (RNA
tRNA TN rRNA rRNA



The GFF file has a LOT of information in it

a1_ rodigac:
k141_10343 Prodigal: 002006

k141_10343 Prodigal: 002006 10111
k141_10343 Prodigal:002006 10979
k141 10343 Prodigal: 002006 12002
k141 10343 Prodigal:002006 12990
k141 10343 Prodigal: 002006 13656
k141_10343 Prodigal: 002006 15289
k141_10343 Prodigal: 002006 16199
k141_10343 Prodigal: 002006 17603
k141_10343 Prodigal: 002006 18961
k141_10343 Prodigal: 002006 19584
k141 10343 Prodigal: 002006 20403
k14110343 Prodigal:002006 £ pLLEE]
k141 10343 Prodigal: 002006 21535
k141 10343 Prodigal: 002006 22139

s gal: 3 LOCUS_tag= sproauc pr
PBJCFOK 00054 ; inferenc b initio predictio ludlgal 002006 locus_ tag—DPBJCFOK 00054 ; sproduc ypothetical protein
PBJCFOK700055 Name=atpG;db_xref=C0G:C0G0224;gene=atpG; lnference ab initio prediction:Prodigal:002006,similar to AA sequence:UniProtKB:P37810;
PBJCFOK_00056 ;Name=scpB;gen cpB; inference=ab initio prediction:Prodigal:002006,protein motif:HAMAP:MF_01804;locus_tag=DPBICFOK_0005b;proauc
PBJCFOK_00057;eC_numbe 6;Name=glpQ;db_xref=C0G:C0GO584; gene=glpQ; inference=ab initio prediction:Prodigal:002006,similar to AA sequence:
PBJCFOK_00058; inferenc b initio prediction:Prodigati:vuzuuo;tocus_tag=DPBICFOK_00058;product=hypothetical protein
PBJCFOK_00059;eC_numbe ;Name=nbaC;gene=nbaC; inference=ab initio prediction:Prodigal:002006,similar to AA sequence:UniProtKB: ‘
PBJCFOK_00060;eC_numbe . 32 ;Name=amnC;gene=amnC; inference=ab initio prediction:Prodigal:002006,similar to AA sequence:UniProtKB:Q9KWSS5;locus
PBJCFOK_00061; inferenc b lnltlo prediction: Prodlgal 002006; locus_tag=DPBICFOK_00061;product=hypothetical protein
PBJCFOK_00062;eC_numbe ;Name=kynU;gene=kynU; inference=ab initio prediction:Prodigal:002006,similar to AA sequence:UniProtKB:P83788;locus_
D=DPBJCFOK_00063;eC_number= 1.13.9;Name=kmo_1;db_xref=C0G:C0GO654;gene=kmo_1;inference=ab initio prediction:Prodigal:002006,similar to AA sequence
PBJCFOK_00064 ;Name=pa X 06:C062808;gene:pai8;lnference:ab initio prediction:Prodigal:002006,similar to AA sequence:UniProtKB:P21341;locu
PBJCFOK_00065;eC_numbe ;Name=pyrF;db_xref=C0G:C0G0284;gene=pyrF;inference=ab initio prediction:Prodigal:002006,similar to AA sequence:Un
PBJCFOK_00066; inference=ab initio predictiol :002006; locus_tag=DPBICFOK_00066;product=hypothetical protein
D=DPBJCFOK_00067; inference=ab initio prediction: :002006; Locus_tag=DPBICFOK_00067 ;product=hypothetical protein
PBJCFOK_00068; inferenc b initio :002006; Locus_tag=DPBICFOK_00068 ; produc ypothetical protein
k141_10343 Prodigal: 002006 22329 PBJCFOK_00069; inferenc initio :002006; locus_tag=DPBICFOK_00069;produc ypothetical protein
k141_10343 Prodigal: 002006 PEELY - PBJCFOK_00070; inferenc initio :002006; Locus_tag=DPBICFOK_00070 ;produc ypothetical protein
k141_10343 Prodigal:002006 23944 - - PBJCFOK_00071; inference= initio prediction:Prodigal:002006;locus_tag=DPBICFOK_00071;product=hypothetical protein
k141_10343 Prodigal: 002006 24492 3 PBJCFOK_00072;Name=s igW;db_xref=C0G:C0G1595;gene=sigW; inference=ab initio prediction:Prodigal:002006,similar to AA sequence:UniProtkB:Q45585;1locu
k141_10343 Prodigal: 002006 25948 - PBJCFOK_00073;eC_numbe 3.9 2 ;Name=Acd; gene=Acd; inference=ab initio prediction:Prodigal:002006,similar to AA sequence:UniProtKB:C3UVBO;locus
k141 10343 Prodigal:002006 26933 0 PBJCFOK_00074;eC_numbe 57 ;Name=mmgB; db_xref=C0G:C0G1250;gene=mmgB; inference=ab initio prediction:Prodigal:002006,similar to AA sequence:
k141_10343 Prodigal: 002006 27733 - PBJCFOK_00075; inference=ab initio predictio rodigal:002006;locus_tag=DPBICFOK_00075;product=hypothetical protein
k141 10343 Prodigal: 002006 28081 g, PBJCFOK_00076 ;Name=yjbR;db_xref=C0G:C06G2315;gene=yjbR; inference=ab initio prediction: 02006,similar to AA sequence:UniProtKB:POAF50;locu
k141 10343 Prodigal: 002006 28426 - - PBJCFOK_00077; inference=ab initio prediction:Prodigal:002006;locus_tag=DPBICFOK_0007 ypothetical protein
k141_10343 Prodigal: 002006 29071 - PBJCFOK_00078 ;Name=y1igZ;db_xref=C0G:C0G1739;gene=yigZ; inference=ab initio prediction:Prodigal:002006,similar to AA sequence:UniProtKB:P27862;1locu
k141_10343 Prodigal: 002006 4 30174 4 PBJCFOK_00079;Name=ribD;db_xre 0G:C0GO117:aene=ribD: inferenc b initio prediction: > sequenc niProtkKB:P17618;loc
k141_10343 Prodigal: 002006 31091 - PBJCFOK_00080;eC_numbe 7;Name=prmC gene=prmC; inference=ab initio prediction: 02006 ,protein motif:HAMAP:MF_02126;1locus_tag=DPBJ]
k141 10343 Prodigal: 002006 31485 " PBJCFOK_00081; inferenc b initio prediction:rroaigat:002006;1locus_tag=DPBICFOK_00081;product=hypothetical protein
k141 10343 Prodigal: 002006 32232 - ID=DPBICFOK_00082;Name=tolQ_1;gene=tolQ_1;inference=ab initio prediction:Prodigal:002006,protein motif:HAMAP:MF_02202;1locus_tag=DPBICFOK_00082;produc
k141 10343 Prodigal: 002006 4 33366 ¢ I PBJCFOK_00083 ;Name=qmcA;db_xref=C0G:C0G0330;gene=qmcA; inference=ab initio prediction:Prodigal:002006,similar to AA sequence:UniProtKB:POAAS53;loc
k141 10343 Prodigal: 002006 33980 . ID=DPBICFOK_00084;eC_number= 1 Name=paiA_ b_xref=C0G:C0G0454;gene=paiA_1;inference=ab initio prediction:Prodigal:002006,similar to AA sequen

S

R

T




Bioinformatics is like Lego®

# First, run prokka. vertical slash

o _ (or “pipe symbol”)
prokka 05 Binning/MAG.2.fa --prefix 06 Prokka MAG2
# Next, I extract the UniProt IDs /
/grep -o 'UniProt.*' 06 Prokka MAG2/06_ Prokka MAG2.gff|||cut -d';' -fl ||
lcut -d':' -f2 ||| sed 's/~/UNIPROT:/g'|> 06_Prokka MAG2/UniProt IDs.txt |

UNIPROT: P54979,

UNIPROT: Q7AKG9,

UNIPROT: QOP9DO,

UNIPROT: Q7DBF3, .
UNIPROT: QTWTEL, redirect output to afile
UNIPROT: Q0OP9C9,

UNIPROT: Q48485,

UNIPROT: P54420,

UNIPROT: P54420,

UNIPROT: G3XD23,

UNIPROT: G3XDO1,

UNIPROT: P37744,

UNIPROT: P26391,

UNIPROT: Q8RDI4,




iPath3: visualise metabolism with uniprot IDs




Others (web-based) things you could try this afternoon

Interproscan: protein family and domain prediction
Antismash: predict secondary metabolite gene clusters
BlastKOALA: predict KEGG Ontology gene categories
Phaster: prophage prediction

ICEberg: integrative element prediction

And alot more:)



Contig annotation tool (CAT, not cat)

d, classification of individual ORFs
parameter r = 10

£

no hits no hits

© | Escherichia coli [239] Escherichia coli KLY [490] Bacteroides vulgatus [616] Buchnera aphidicola [449)]
é Vibrio cholerae [224) Escherichia coli [486) Bacteroidetes [614) Klebsiella pneumoniae [435)
Kiebsiella pneumoniae [218) Escherichla coll BA1 [480] Salmonella enterica [519) Serratia entomophila [418)
g Bacteroides fragilis [151) Escherichia coli 27A [460] Escherichia coli [158)
ORF Enterobacte
classification o

e, contig / MAG classification Biou R2302 A0 ERICHEA0 S04

mbs = 0.5 x 1794 = 897
ORF1 ORF3 ORF4 ORF6 sum fraction of >mbs
B,
Superkingdom e
m“?:'dcda 239 490 616 449 1794 1.0 yes T
Proteobacteria 239 490 449 1178 0.66 yes
Bacteroidetes 616 616  0.34 no
Class
Gammaproteobactena 239 490 449 1178 0.66 yes
Order
Enterobacteriales 490 449 939 0.52 yos
Family H
Entorobacteriaceae 490 4“9 99 082 2 et
Genus Proteobacteria
Eschorichia 490 40 o027 no s s ). sy
Species
Escherichia coli 490 40 027 no Eteiacucions 00, 99)

Enterobacteriaceae (0.52)




CAT + RAT + Krona
i

H

RAT is used to estimate the abundances of contigs
(again, this is simply read mapping!)

Then, the results of CAT can be plotted in a
hierarchical diagram, like a Krona plot «




Metabolic modelling

Pathway
analysis
A
| Pathway uDU[]['
~| prediction
./gapseq find Growth o Benchmarks
A medium O. T
Genome pa— otk A ‘
sequence — - | Draft network > Gapfilling Genome-scale
(FASTA file) - reconstruction metabolic
database model
./gapseq draft ./gapseq fill
\
_ | Transporter l
prediction Constraint-based
./gapseq modeling
find-transport

Predicting the reactions present in MAGs and trying to make models “generate biomass”



Horizontal Gene Transfer

Evolution by means of Evolution by means of
vertical gene transfer“ horizontal gene transfer

Transductlon @ ‘
() /,
INFECTION BY

MUTATION FROM
PARENT - OFFSPRING BACTERIOPHAGE

) Transformatlon
(ab ( 6:’,5) /
=, o "-’ o~ '\
"~ GENE LOSS e *::::::::::.-::::::::'-” CELL LYSIS AND
/ = SELECTION = / UPTAKE OF DNA
e Conjugation

@@ S~

DIRECT CONTACT
VIA CONJUGATION PILUS

“The walls that divide bacteria from one another are far from solid. Taken to extremes, the preponderance
of HGT could even imply that microbiomes are better conceptualized as collections of locally adaptive
genes, rather than communities of locally adapted species”, - J.P. Hall, 2021




HGT and loss dominate bacterial evolution

Research article | Open Access | Published: 21 August 2014

Genomes in turmoil: quantification of genome

Quantify mutations that entail whole genes: dyrmmics In prokaryote Supergencimes

Pere Puigbo, Alexander E Lobkovsky, David M Kristensen, Yuri | Wolf & Eugene V Koonin

-> Duplication of a gene (Expansion) oo A | 18 e | s [,
-> Deletion of a duplicated gene (Reduction) % R
-> Deletion of the only copy of a gene (Loss) g ~ ot gt
. A - - Reduction
-> Gain (mostly HGT) £ /
@ 3§ ,,’1
a it .
1 100 10000 1000000

“Indeed, the estimated rates of gene family gain and loss in some groups of bacteria are such that
multiple genes appear to come and go over the time required for a single nucleotide substitution to
occur in an evolving gene. ”



The tree of one percent

. Pangenome

Tal Dagan:
The prokaryotic tree of life
is a tree of 1% of their genomes...

High (Core / Pangenome )

# Genes

Open
Pangenome P
,, angenome
Closed A \
Pangenome ‘ 2

>

# Sequenced Samples

Low (Core / Pangenome)




This changes how we think about
“descent with modification”

Descent with modification still applies, but to who does it apply?
Genes? Bacteria? Groups?

My preferred perspective: to all of them. Selection can act on all these
levels in concert: theory of multi-level evolution




Multi-level evolution simulations



https://docs.google.com/file/d/1xvM91NfWDXhFd3SxnxtZvmTdH3upzOnL/preview

How do detect HGT with MGX?




How do detect HGT with MGX?

1. Parametric methods 2. Phylogenetic methods
E HGT! Species tree
€
v N\/\/ k/\/\
)
(V)
Genome location ‘ ‘ |

r\/\w%

2a. Implicit phylogenetic methods 2b. Explicit phylogenetic methods
— |
2 W_ Genetree

g ,

s -

2 s

° 4 HGT!

§ AR HeT! e |_—|

4
o SO [ ]

Species distance %\/&f% %




Differential read mapping

A - Read —_— Split-read
Signature _ Pairs within HGTregion
Evidence ——> Pairs spanning HGT boundary

RSN " — — P
( //‘ \T o ) Acceptor
) Gene__ & ] Donor
{ . \
C- Workflow
Unmapped Reads
All Reads —_— —
b .
—p > = — Split
—— o i — ;
— 2 - Mapping vs. — - Mapping
e — Acceptor
- —
_._:_: B & Donor Mapped Reads @
— - €= —_—
- T - E— P Coverage &

«—
5> =

—

Read pair
DS E i

Trappeetal., 2016

Mapped reads and pairs B - Coverage
Transferred (HGT)region Evidence

’ l High coverage
[ — \

~"\~ Low coverage

L // \ ]
R — et e S / § — A
! 11 Gene i )

Single Boundaries

20 N ©)

A —

S g Datgrmpfe
Supported HGT Region HGTRCRiQns
— e =P
P Y. Structural

variants (SVs)




a. Temporal trajectories of dominant MAGs

Vertical communities (VCs)

Relative abundance of MAGs

Horizontal communities (HCs)

b. Metabolic functions of MAGs

MAG annotation (BAT)

Azospirillum (genus)

Amspmllum Ilpoiarum (spocoes)

,

ym thi P

[ o

*

1a (phy

0
Time point (weeks)

did: Saccharib. 32-50-13
Cellvibrio (genus), Nitrogen fixing [[5
Celvibrio (genus) [52]
Cellvibrio japonicus (species)
Cellvibrionaceae Bs12 (species, single circular contig) m
Emticicia (genus)
Flavobacteriaceae (family)

Flavobacterium (genus) [l
Fl; ium sp. 40-81

Nitrosomonas (genus) -

Opitutaceae (family) ol

Opitutae (class) [

Opitutus (genus) -

Opitutus terrae (species) [

Proteobacteria (phylum) -

Rhodanobacter (genus, various variants)

Rhodanobacter denitrificans (species) -

Rhodanobacter fulvus (species) -

Rhodanobacteraceae (family) -
Rhodobacter sp. 24-YEA-8 (species)
Rhodobacteraceae (family)

Rhodobacterales (order) -
Rhodospirillales (order)

Sporocytophaga myxococcoides (species) [

\\\)

Metabolic function F

LA

\0 \°
‘\\\\ cf?:\& \\é\




An experimental solution to detect HGT

b. Evolution in horizontal communities yields two types of "unique sequences"

i) rare sequences missed by earlier sampling ii) genuine transfer from other community

MGX
M detection -
Community #1 | it Community #1 n
Community #3 l .1.
e. Reconstruct dissemination (xenoseq_trace)

TIME
(also occurs in vertical communities) (exclusive to horizontal communities)

Community #2 Community #2

ABUNDANCE
ABUNDANCE

Community #3

CONTIG #2

COM #1 WEEK 1
COM #1 WEEK 2
COM #1 WEEK 3
COM #2 WEEK 1
COM #2 WEEK 2
COM #2 WEEK 3

COM #3 WEEK 3

ABUNDANCE ABUNDANCE ABUNDANCE

h

TIME




ol S

.

How 1o use xenoseq

Install xenoseq (or use the one in the workshop-environment)

Prepare a “metadata file”:

Run: $ xenoseq -m xenoseq_metadata.txt -p reads -r _R*.fastq -1 -t -o 08_Xenoseq
More help and list of all options: $xenoseq -h

If you get stuck, I've build in an Al that can help you by sending an email to
bramvandijk88@gmail.com, but it’s pretty slow sometimes... :(

#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


mailto:bramvandijk88@gmail.com

Caution: xenoseq works, but biology is mess

The simulated mock data test:

Steven’s compost communities:

a. Number of newly appearing sequences

b. Linking sequences to allopatric communities

. Number of xenotypic sequences

xenoseq_find -> unique_contigs.fasta
Horizontal communities

5001

300{

Number of unique contigs

Number of unique contigs

unique_contig_all_links.tbl

Horizontal communities, week 40

Potentil transfer
events
Vertical communities, week 40

(] o

— | o o | —»

—_—
False positives

Number of xenotypic sequences

false positives

200

xenotypic_contigs.fasta

Horizontal |

Vortical

xenotypic

Qamp

Ampicilin experiments...

30004

20001

10001

095

Honzontal Vertical

Horizontal

treat

Vetical

Herizontad

treat
B Horzontal
E3 Vedical




Limits of MGE detection tools:

a. MGE detection tools applied to xenotypic sequences in compost

i | !h HHI‘IHWI,WII"_WIH

. ||H|I|||||||| L

Seeker

CheckV

Vibrant

) M H'\'f"M'W R

[nun il
sescn || W LATIVVIDITOEY [ TVTRRVETIN \IIUII\IIH IIMI

ICEfinder

Virsorter

Plasflow

PlasClass

MGE detection tool

IntegronFinder

Xenotypic contigs (714 out of 1756 xenotypic contigs with at least 1 MGE annotation)

MGE type . ICE - Integron . IS . Phage . Plasmid




Movement of MGEs across communities:

“xenotypic_coverage.txt”

Abundance of xenotypic contig
Log (read coverage)

Horizontal

Vertical

Complete phage
(200 kb, 100% compl.)

B
=
=

Incomplete phage
(28.8 kb, 34,27% compl.)
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0 0
: N
community 10 community 2

ez

Q>
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0.0
25

25
0.0
25

25
0.0
25

25
0.0
25

25
0.0
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d.

X0
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(13.7 kb)
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P
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> o »
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cNTooQNIR
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N e e
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0.0
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MGX take home messages

Microbes are “too flexible” to simply assume function based on their annotated
species. It’s time to move beyond 16S / read annotation

Instead: try to reserve “annotation” for later stages in the process
Assembly and read mapping is 20% of what you'll do first

It can’t be done with 100% computational tools: experimental approaches are
necessary to improve our ability to detect HGT!




Hand-on part of the workshop

What to do?

e  Option 1: follow instructions in the workshop manual
to get some finger exercises on how to do each step.
Because MGX is not super fast, running the whole suite
will take a while...

e  Option 2: study the scripts from option 1 without
running, and go inspect some of the output that was
already run for you at:
/groups/mpistaff/MGX_workshop/MGX_workshop_va
ndijk

e  Option 3: talk to me or Pauline about what you could
do with *your* data. Are you stuck? Do you need help
finding a tool? Let us know :)

Howdodoit?

° On Windows you need to either (i) download a terminal
emulator (MobaXterm is my hot tip), or (ii) use our
webvpn service: https://webvpn.evolbio.mpg.de/

e LogintoWallace using ssh
<username>@wallace.evolbiompg.de

e  For webvpn users: your sessions may time out after
some time of inactivity. If this happens, try opening up a
‘screen’ after you login to wallace like this:
$ screen

After you timed out (disconnected), you can find your
session like this
$ screen -list

And reconnect like this:
$ screen -r <SESSION_ ID>


https://webvpn.evolbio.mpg.de/

Logging in to Wallace: ssh vandijk@wallace

vandijk «— homedir, this is where
user2 you "start"
wallace user3
directory
structure micropop «— I usuallly "work" from here
—— groups ~E mpistaff

archive

for really big-data stuff, work

mnt beegfs +— from here instead

So, to do some stuff in your own directory in micropop:
$ cd /groups/micropop
$ mkdir my_directory
$ cd my_directory
$ bash my_script.sh

Scripting with Bash (101)

e create/open new script, e.g. nano my_script.sh
« first line should always be: #!/bin/bash
e example script:

#!/bin/bash
echo "Start script"
for file in *.fastq.gz; do
gunzip $file
echo "Done unzipping $file"
done;
echo "All files are unzipped. Hoping for the best!"

To run the script:
$ bash my_script.sh

Pro tip: if you have a slow script (e.g. one that copies a lot of files),
first create a "dummy" script that simply prints the commands without
executing them by adding "echo" in front of the steps.

Characters with special meanings:

current directory

o off parent directory
s alsl parent directory of parent directory
/ root directory
> pipe output to a file
(e.g. 1s *.fastq > all_reads.txt)
>> pipe output to file (append)

pipe output to another program
(e.g. 1s *.fastq | grep "1A")

< reverse pipe
(rarely used, but you may encounter it)
& when typed after a command, it will

put the process "in the background"
meaning you will get your prompt back
and can type more commands while the
other program is running.

$ access a variable
(e.g. echo $USER)
$() store output in variable

(e.g. variable=$(command_here))

Useful commands:

command description example
cd change directory cd /groups/micropop

1s list content of dir 1s my/data

cp copy a file cp myfile.txt /groups/micropop
mv move (or rename) file mv myfile.txt myfile_renamed.txt
cat print file content cat myfile.txt

wc count words, lines or chars wc -1 myfile.txt

grep find lines with pattern grep "read_o001" myfile.txt

cut split by delimiter cat myfile.txt | cut -f2

nano command-line text editor nano my_script.sh

gedit graphical text editor gedit my_script.sh

sort sort input cat myfile.txt | sort -n

uniq remove duplicate items cat myfile.txt | sort -n | uniq
mkdir make new directory mkdir /groups/micropop/b_obama
echo print something echo "Hello!"

gzip zip file gzip reads.fastq

gunzip unzip file gunzip reads.fastq

Example of a chain of commands:
1s *.fastq | grep "1A" | cut -d '_' -f2 > all_samples_with_1A.txt




