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Tuesday, Oct 8th Wednesday, Oct 9th

10:00-10:30

QIIME2 and Qiita

10:30-11:00

11:00-11:30

Welcome & Intro

11:30-12:00

From raw data to feature tables Coffee Break (~15min)

12:00-12:30

12:30-13:00

13:00-13:30

Lunch Break

Lunch Break

13:30-14:00

14:00-14:30

Sequence quality control

14:30-15:00

Coffee Break

Coffee Break

15:00-15:30

Diversity Calculation

15:30-16:00

16:00-16:30
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Thursday, Oct 10th

Coffee Break (~15min)

Closing remarks and Farewell
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Profile community: meta genome

Yarza et al (2014) Nature Reviews. 12: 635-645. Fig 1
October 8" 2024
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rofile community: amplicon
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Profile community: metabolome
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rofile community: amplicon

3

e
109 -g ¢

€ 10
. 1130
o s @ 6100

§
o A0 naf doac” EousmuccuuusVuscdoon,
Mucc ‘AucucaacGAAY CEce, —

C:
- s . ‘suucuccucg 0GGY ASGAAAG, AAGG GCCGO
¢ . H % <
o g Sof Mo 4 &) A
i 1160
g - W
£.5 0 wo o @
A s _Gc
g vo % -
w i oo @ & f
55 o .
¢ w gruoaoan® £, g
o0 e | Rl 100
pg, o P el §
srecucect CugcavcusHucceanct @ o V250
% §iD .. SN w0 o
"caanccct" GUGUAGACUGAUUGUVUG G St oy 95 g
e %0 % Sg Ao B E
b LS 4 Vs .f"“‘ g
& L
4 o
9 5 1260. a@tc ‘0‘
P g s act &
A o
e, C\\,uﬁ v3 ¢ 4 1530 et 3
P so-f g | &% e
w6 N, e ¢ §
5 ¢ ] 3 §oim
¢ A
R i § om0 5 o
% g L 57
'AG 90 510 € %v“
=%
%,

B0 g, A
N
goouf” Moulle -
Yecag, UAUG U
s Magat®, 10 g
0 W
K 280
AoccucAuceac .
Seoosy acqp ¢
s Akcmu‘x N w 10
g-¢ ” ®
b ey
o .
T = K u%‘:(;“gen%uuu.cuum
by, @ o e
w’ § g : R4:751-1,050
™ o s X R3:501-750
tcccu N Ao % R2: 251-500
% A°‘:m,",z g R1:1-250
o Sogal] Enac G w0
GGuco
AguCU%s0 gh ) |
oy 60 -0
et B vo
S SE-f
P
S Y= 1150
T €% '
ccu‘cc.F 2048 G
EA &

w10
m g
A

o,
o s:eeccucu-ﬁ \ooas* heuncusa, 160
— T |
ICC GEOGA €aST AUGGCA
Wl N

Yarza et al (2014) Nature Reviews. 12: 635-645. Fig 1
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the "Feature" Table
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Use barcodes to assign
each sequence to the
sample it came from,
dropping low-quality reads

Am—pl-ify each sam—pl-e, introducing
barcode into each sequence using
tagged PCR primers

Quantitative Insights Into Microbial Ecology

o)
A
— , E ;
(@)
° [
Use community clustering Build phylogenetic tree G:omg Trltjlatfed cTeque?ces TriTt]' b'arcodes and build
techniques (either OTU- using one representative " °| S Tor downsiream "}U iple Stegue“;e
based or tree-based) to of each OTU: track which aneryses a 1fgnmen ased on
relate samples to one parts of the tree came reference sequences
ki NS Bolyen et al. (2019) Nature biotechnology
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Content

1. Scope v/

2. Base Calling

3. Demultiplexing =—
4. Quality Control %
5. Adapter Trimming, Clipping

6. "OTU" picking

7. Data Normalization

a. Contamination Removal l
b. verylow abundant "OTU" removal e ———
c. Rarefaction [t

Iz [s]elels[e]=[s]
R

”‘“i%ééé%é%é%] L
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2. Base Calling
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bcl2fastqg

T TA AT

O F T Lo CTOTN HICTI O EICTRNS OB [Ty
DY By Oy v on o] vy oy e

0 G 1 70 21 [ P (. 1 e

https://www.broadinstitute.org/files/shared/illuminavids/sequencingSlides.pdf

download at https://emea.support.illumina.com/downloads/bcl2fastg-conversion-software-v2-20.html
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Sequence Formats: FastQ

e de-facto standard format is FastQ
O  based on FastA + 2 lines for Quality scores

4 lines per read:

*:42

1. @Sequence identifier (Illumina: origin and optionally length)

2. Sequence

3. +(Optional: Identifier again) G: 71
4.

Base quality, mapped to ASCII 33-128 (lllumina)

@M04304:185:000000000-CMBBK:1:1102:12988:2175 1:N:0:AAGAGGCA+TATCCTTT
ACTGACGCTGAGGCACGAAAGCGTGGGTATCGAACAGGATTAGATACCCGTGTAGTCC

_|_
FGFGGGGGGGGGGGGFGEEFFGGGCEEGF : FD: 875*5: CF?F<+<CFEDDGF : 4=QF
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Raw Data Quality

e There are always errors!

e Quality "control"
o how bad is sequencing quality, i.e. how many reads should be discarded?

® Source of errors: basecalling
o  "Sanger Phred" quality score = how certain is this called a G base?
o how likely is it wrong: P
o expressed as Q =-10*log, (P)
m Q=10 = P=0.1
m Q=40 = P =0.0001
® The Phred score is used for
o assess overall quality
o discard whole reads
o  truncate reads (clipping)
m since low quality regions often occur at the start and end
o SNV determination
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Decimal Hexadecimal Binary Octal Char Decimal Hexadecimal Binary Octal Char | Decimal Hexadecimal Binary Octal Char
0 0 0 0 48 30 110000 60 O 96 50 1100000 140
1 1 1 1 49 31 110001 61 1 97 61 1100001 141 a
2 2 10 2 AT OF TEXT] 50 32 110000 62 2 98 62 1100010 142
3 3 1 3 [ENDOFTEXT) 51 33 110011 63 3 29 63 1100011 1438
a a 100 4 [ENDOF TRANSMISSION] | S2 34 110100 64 4 100 64 1100100 144 S
5 5 101 5 [ENQURY] 53 35 110101 65 5 101 65 1100101 145
6 6 110 6 [ACKNOWLEDGE] 54 36 110110 66 6 102 66 1100110 146
. 7 7 m 7 8 55 37 10111 67 7 103 67 1100111 147
8 8 1000 10 KSPACE] 56 38 111000 70 8 104 68 150 h
a W a a u a I 9 9 1001 11 [HORIZONTAL TAB] 57 39 111001 71 9 105 69 151 i
10 A 1010 12 [UNEFEED) 58 3A 11010 72 106 6A 152§
1 B 1011 13 RTICAL TAB] 59 38 w011 73 ; 107 68 153 k
12 < 100 14 60 3c 11100 74 < 108 6C 154 |
13 D 1101 15 61 3D 11101 75 = 109 6D 155 m
14 E 1110 16 62 3E 11110 76 > 110 6 156 n
15 F u 17 63 3F mim 77 2 111 6F 157 o
16 10 10000 20 64 40 1000000 100 @ 12 70 160 p
17 1 10001 21 65 41 1000001 101 A 13 71 161 q
18 12 10010 22 66 42 1000010 102 B s 70 162 r
. e n COd es P h r'e d SCO re 19 13 10011 23 67 a3 1000011 103 € 115 73 163 s
20 14 10100 24 68 a4 1000100 104 D 116 74 164 t
21 15 10101 25  [NE e 69 a5 1000101 105 E 117 75 165 u
sk 22 16 10110 26 [sy 0US ID 70 6 1000110 106 F 118 76 166 v
[ ) Q = - 10 Iog ( P) 23 17 10111 27 [ENG OF TRANS. BLOCK] | 71 a7 1000111107 G 119 77 167 w
10 28 18 11000 30  [CANCEL) 72 a8 1001000 110 H 120 78 170 x
25 19 11001 31 [END OF MEDIUM] 73 a9 1001001 111 1 121 79 1111001 171y
26 14 11010 32 [SUBSTITUTE] 74 aa 1001010 112 ) 122 7A 1111010 172 2
. Q enCOded as ASCII Character 27 1B 11011 33 75 a8 1001011 113 K 123 78 1111011 173 {
28 1c 11100 34 76 4c 1001100 114 L 124 7C 1111100 174 |
29 10 11101 35 77 4D 1001101 115 M 125 70 1111101 175}
. > 30 1E 11110 36 78 4E 1001110 116 N 126 7€ 1111110 176  ~
O Q+33 or versions =z 1 8 31 1F nm 37 79 4F 1001111117 © 127 7 1111111 177 [DEL]
° 32 20 100000 40 ) 80 50 1010000 120 P
33 21 100001 41 ! 81 51 1010001 121 Q
. 34 22 100010 42 * 82 52 1010010 122 R
O Q+64 or versions 1 3 to 1 7 35 23 100011 43 # 83 53 1010011123 S
° ° 36 24 100100 44§ 84 54 1010100 124 T
37 25 100101 45 % 85 55 1010101 125 U
38 26 100110 46 & 86 56 1010110 126V
39 27 100111 47 87 57 1010111 127 W
a0 28 101000 50 ( 88 58 1011000 130 X
M 29 101001 51 ) 89 59 1011001 131 ¥
42 24 101010 52 * 90 SA 1011010132 Z
43 28 101011 53 + 91 5B 1011011 133 [
a4 2c 101100 54 92 sC 1011100 134\
45 20 101101 55 - 93 5D 1011101135 ]
46 2E 101110 56 . 94 SE 1011110136  ~
a7 2F 101111 57 | 95 SF 1011111 137 _

I"#S%&T () *+,-./0123456789:; <=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ [\]" ‘abcdefghijklmnopgrstuvwxyz{|}~

33-73
new 64-104
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. instrument ID
Seq uence FO rm atS . Fa StQ i™ run on this instrument
flowcell ID
lane
tile number (in flowcell)
-coord. of cluster (in tile)
y-coord. of cluster (in tile)
partner ID (2 only for PE)
filtered read (N | Y)
control bits: 0 = no errors
index sequences

4
@QMO04304):1185/:[000000000-CMBBKJ:[1]:[1102}:[12988]:{2175] m:: :AAGAGGCA+TATCCTTT |
ACTGACGCTGAGGCACGAAAGCGTGGGTATCGAACAGGATTAGATACCCGTGTAGTCC

_|_
FGFGGGGGGGGGGGGFGEEFFGGGCEEGFEF : FD: 875*5: CF?F<+<CFEDDGF : 4=QF
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Content
1. Scope v/
2. Base Calling v/
3. Demultiplexing =
4. Quality Control T
5. Adapter Trimming, Clipping -
6. "OTU" picking =————
| 6.

7. Data Normalization [[

a. Contamination Removal l

b. verylow abundant "OTU" removal ———— Er——

c. Rarefaction

”‘“i%ééé%é%é%] L
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3. Demultiplexing
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again: bcl2fastq

Qb
—
|
' >

Amplify each sémple. introducing
barcode into each sequence using
tagged PCR primers

Use barcodes to assign
each sequence to the
sample it came from,
dropping low-quality reads
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7 |Application FASTQ Only

¢ |Assay Nextera XT
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o |Chemistry Amplicon
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- [Reads]

| 301

] 301

s [Settings]

s ReverseCompleme 0

7 |Adapter CTGTCTCTTATACACATCT

= [Data]

= /Sample_ID Sample_Name Sample_Plate Sample_Well 17_Index_ID index 15_Index_ID index2 Sample_Project Description

»|POAFO1 7001 ATTACTCG 5001 TATAGCCT  microbiome_jia_oral

1 |POASWO01 7002 TCCGGAGA 5001 TATAGCCT  microbiome_jia_oral
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1 |POAF06 7012 AGCGATAG 5001 TATAGCCT  microbiome_jia_oral
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s [Settings]

s ReverseCompleme 0
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= [Data]
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»|POAFO1 7001 ACTCG 5001 AGCCT microbiome_jia_oral
1 |POASWO01 7002 GGAGA 5001 AGCCT microbiome_jia_oral
2 |PORFO01 7003 TCATT 5001 AGCCT microbiome_jia_oral
= PORSZ01 7004 ATTCC 5001 AGCCT microbiome_jia_oral
2 |PORSWO01 7005 CAGAA 5001 AGCCT microbiome_jia_oral
= POAFO05 7006 TTCGT 5001 AGCCT microbiome_jia_oral
% POASZ05 5001 AGCCT microbiome_jia_oral
2 |POASWO05 5001 AGCCT microbiome_jia_oral
# PORFO05 5001 AGCCT microbiome_jia_oral
= PORSZ05 5001 AGCCT microbiome_jia_oral
» |PORSWO05 5001 AGCCT microbiome_jia_oral
1 |IPOAF06 5001 AGCCT microbiome_jia_oral
2 IPNAR7NA BNN2 cncec mirrnhinme iia_nral
W 4> M+ | 210528 M04304_0260_000000000-INVIH | Sheetz |

i % | Taatacce v | 4> < FindAll (] Formatted Display || MatchCase (X

Sheet 1 of 2

| Default

| English (UsA)

w | G| Average: ; Sum: 0

- ————— + | 220%
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Untitled 1 - LibreOffice Calc

File Edit View Insert Format Styles Sheet Data Tools Window Help

roBRA.

H-5EH 498 « 2 2& QY E-E- PRty 50 Q=05 LE-8 @

Hweatins: » [0 |- @@ a &-E-ES= 5 -0l == 0-F-B- 5B

B12

1 |[Het
= Use Error tolerant barcodes!
¢ |Exp
: |Date 05/28/21

" /App
Slass bcl2fastg —--help
¢ Des

©|Che
wlinve ——barcode-mismatches arg (=1) number of allowed mismatches per index
[Ret

13
«  eg. | Hamady et al. (2008) Nature methods "Error-correcting barcoded primers allow hundreds of samples to be
15 . .
7{.\,3:\: pyrosequenced in multiplex"
ZAdﬂr
= [Data]
= /Sample_ID Sample_Name Sample_Plate Sample_Well 17_Index_ID index 15_Index_ID index2 Sample_Project Description
»|POAFO1 7001 ACTCG 5001 AGCCT microbiome_jia_oral
1 |POASWO01 7002 GGAGA 5001 AGCCT microbiome_jia_oral
2|PORFO1 7003 TCATT 5001 AGCCT microbiome_jia_oral
= PORSZ01 7004 ATTCC 5001 AGCCT microbiome_jia_oral
2 |PORSWO01 7005 CAGAA 5001 AGCCT microbiome_jia_oral
= POAFO05 7006 TTCGT 5001 AGCCT microbiome_jia_oral
% POASZ05 5001 AGCCT microbiome_jia_oral
2 |POASWO05 5001 AGCCT microbiome_jia_oral
# PORFO05 5001 AGCCT microbiome_jia_oral
= PORSZ05 5001 AGCCT microbiome_jia_oral
» |PORSWO05 5001 AGCCT microbiome_jia_oral
1 |IPOAF06 5001 AGCCT microbiome_jia_oral
2 IPNAR7NA BNN2 cncec mirrnhinme iia_nral
W 4> M+ | 210528 M04304_0260_000000000-INVIH | Sheetz |

i % [ aatccac v | %> < FindAll [ Formatted Display [ | MatchCase (X

Sheet 1 of 2 | Default

Stefan.Janssen@ b

English (UsA)

Average: ; Sum: 0
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Untitled 1 - LibreOffice Calc - 4+ X

File Edit View Insert Format Styles Sheet Data Tools Window Help
iB-5-B-4148@Q « 3 B- @& X' = -E- G a =

{[ weatinse |~ |[0 [-l@ @@ &-5- = : B-%0l e == 0-F-E 2B 'I Q EB
B33 J

'8
Il 2
&
i
m
4

A

L ]
ol

| <
I

_[Hex E I : t t
Tore £EXCEI1 IS TOO SMaAr T
= 0p
¢ |Exp <]
s |Date 05/28/21 =
" |App 5
s always prefix sample names with characters!
s Des
o |ChemistryTAmpIicon i
1 |Investigator Name  Stefan Janssen/Susanne Kurth
2 [Reads] Mistaken Identifiers: Gene name errors can be introduced
! 301 . . . .. .
- — inadvertently when using Excel in bioinformatics
E[Settings] Barry R Zeeberg®, Joseph Riss, David W Kane, Kimberly ] Bussey, Edward Uchio, W Marston Linehan, ] Carl Barrett and
s ReverseCompleme 0 John N Weinstein =
7 |Adapter CTGTCTCTTATACACATCT ! Contributed equally
‘_S[Data.] BMC Biuinformati@so DOI: 10.1186/1471-2105-5-80  © Zeeberg et al; licensee BioMed Central Ltd. 2004
ple_ID Sample_Name ample_Plate Sample_Well 17_Index_ID index 15_Index_ID index2 Sample_Project  Description’
1 7001 AcCT
2 7002 ccad NEWS | 13 Auqus Correction 25 August 2021
3 7003 TCA] ° o
s i AUtOCOrrect errors in Excel still
2005 5 7005 CAGH
206 G e creating genomics headache
007 »{ 7 7007 A2G g g
/008 8 7008 TGCY
009 9 7009 cta] Despite geneticists being warned about spreadsheet problems, 30% of published papers
=010 10 7010GcGl contain mangled gene names in supplementary data.
» (011 11 7011 cacy
\ 12 12 rozeat! - hitps://www.nature.com/articles/d41586-021-02211-4
+ | 210528_M04304_0260_000000000-JNYJH [ Sheetz | .
i % | maatacac v | %> < FindAll [ Formatted Display [ | MatchCase (X
Sheet 1 of 2 | Default | English (USA) | w | 3] Average: ; Sum: 0 = e 4+ | 220%
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Randomize Plate Layout!

HT1 PCR2 counts
7 8 9 10 11 12 —>1000

» ENENEEE EEN
5 I I I B e )
c HNENEEE BN x
o HNEE NEEEEEE _
cHEE B EER
Frox MEExHx NN
GIIIIIIIIIIIXI—
—0
Minich et al. (2019) mSystems "Quantifying and Understanding Well-to-Well Contamination in Microbiome Research"

— 100

HANEEEN - EE N
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Randomize Plate Layout!

HT1 PCR2 counts
1 23 45 6 7.8 9 10 11 —>1000

A HHEENENE_EN
s [ HEENEEEREREN '— oo
c ENEEEEE BN
,ANNE EEEEEEN _
clEE HY HER
o x NUExHExHR

cHNNENEEEEENx 1
ANNENExEE B

healthy diseased =1

Minich et al. (2019) mSystems "Quantifying and Understanding Well-to-Well Contamination in Microbiome Research"
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Randomize Plate Layout!
HT1 PCR2

I @M mo O »

TA: "It feels soooo wrong"

~ Minich et al. (2019) mSystems "Quantifying and Understanding Well-to-Well Contamination in Microbiome Research"
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—r | L c | D E
I[Te‘ . ° . ° je_group cage id collection_timestamp
<= Invest time in your demultiplexing sheet!
%g’; . rm1 2019-01-03
~ 5 |Dat m2 2019-01-03
6 _|Workilow GeneralerASIQ ‘ ‘ ol a 2018-08-19 RM rm2 2019-01-03
__7_|Application FASTQ Only _6 | 5 2018-08-19 RM m3 2019-01-03
e e 7] 6 2018-08-19 RM rm3 2019-01-03
10 Jindex Adapters mmb e XT v2 index Kit 8| 7 2018-11-30 PB P1-10 2019-03-19
_11_[Chemistry Amplicon 9| 8 2018-11-30 PB P1-10 2019-03-19
%[Reads] il 10 | 9 2018-11-30 PB P1-11 2019-03-20
—a 301 1| 10 2018-11-30 PB P1-11 2019-03-20
15 |[Settings] 12 11 2018-11-30 PB P1-12 2019-03-19
_16_[ReyerseCompleme 0 A 12 2018-11-30 PC P1-1 2019-03-19
- Ea STGTSTCIIATACACATET 4| 13 20181130 PC P11 2019-03-19
19 |sample_ID Sample_Plate Sample_Well 17_Index_ID index 15_Index_ID index2 15| 14 2018-11-30 PC P1-2 2019-03-18
20 | 1 N701-A  TAAGGCGA S502-A  CTCTCTAT 148 _16 | 15 2018-11-30 PC P1-3 2019-03-20
21 2 T o 148 17| 16 2018-11-30 PC P1-3 2019-03-20
93] r NTOLA  TAAGGGGA S ACTGCATA s 18| 17 2018-11-30 PC P1-4 2019-03-18
24| 5 N701-A 07-A  AAGGAGT? 148 19| 18 2018-11-30 PC P1-5 2019-03-19
% : N701-A SS8A _ CIMAGER 18 20 | 19 2018-11-30 PC P15 2019-03-19
- 3 e m S % == T2 20 2018-11-30 PC P1-6 2019-03-18
28 | 9 N702-A  CGTACTAG S502-A CICICTAT 148 22| 21 2018-11-30 PC P1-7 2019-03-18
29 | 10 N702A  CGTACTAG S503-A  TATCCICT 148 23| 22 2018-11-30 PC P1-8 2019-03-18
20 1 NT02-A m SSOSA_Ibagea us 24| 23 2018-11-30 PC P1-8 2019-03-18
7] 3 N702A  COTACTAG SS07A  AAGGAGT? 148 25| 24 2018-11-30 PC P1-8 2019-03-18
33| 14 N702-A  CGTACTAG S508-A CTAAGCS? 148 26 | 25 2018-11-30 PC P1-8 2019-03-18
12 :;gg:: m g:ig: CCTICTALT iﬁ 27 | 26 2018-11-30 PC P1-9 2019-03-18
36| o NTOSA  ADGEAGAAISSOA WW 28 28| 27 2018-11-30 PC P1-9 2019-03-18
37 | 18 N703-A AGGCAGAA S503-A TATCCTCT 148 29 | 28 2019-02-15 BF1-1 F1-15 2019-05-31
38| - NTOSA _ AGGCAGAA SSOSA _ GIAAGGA! - 30 | 29 2019-02-15 BF1-1 F1-16 2019-05-31
0] e die m% iy m == 31| 30 2019-02-15 BF1-1 F1-17 2019-05-31
1] =2 N703A  AGGCAGAA SS08A  CTAAGCGY 148 3] 31 2019-02-15 BF1-1 F1-18 2019-05-31
42 | 23 N703-A  AGGCAGAA S510-A  CGTGTAAT 148 33| 32 2019-02-15 BF1-1 F1-19 2019-05-31
43 | 24 N703-A  AGGCAGAASSILA  TCTIGTCCE 148 34 33 2019-02-18 BF1-2 F1-20 2019-06-03
= B e e — 18 35| 3a 2019-02-18 BF1-2 F1-20 2019-06-03
46 | 27 N704-A  TCCTGAGC SS05A  GTAAGGA? 148 36| 35 2019-02-27 BF1-2 F1-21 2019-06-12
41| - NTO4A  TCCIGAGE SSO6A _ ACTGEA L 37| 36 2019-02-27 BF1-2 F1-21 2019-06-12
i 2 NIoxA m oA % e 38 | 37 2019-02-27 BF1-2 F1-22 2019-06-12
50| 31 NTOIA COTCTART 148 39| 38 2019-02-27 BF1-2 F1-23 2019-06-12

NFDI4Microbiota workshop

2N10-N2.18

~E1-1 £1.1

2N10-NA-NA

jlAB
recipient mother
recipient mother
recipient mother
recipient mother
recipient mother
recipient mother
motherP1
motherP1
motherP1
motherP1
fatherP1
motherP1
motherP1
fatherP1
motherP1
motherP1
fatherP1
motherP1
motherP1
fatherP1

not provided
not provided
not provided
not provided
not provided
not provided
not provided
motherF1
fatherF1

not provided
not provided
not provided
not provided
not provided
motherF1
motherF1
fatherF1

not provided
mntherE1



host_scientific_name

1 s 15 U/o) Classic QIIME Colors

. Callithrix jacchus LJ
. Mus musculus J

l:l not applicable

+ a lot of frustration

- Color | Visibility = Opacity = Scale = She
host_scientific_name
159 U/O) Classic QIIME Colors

. Callithrix jacchus

. Mus musculus

AXis 3 (4
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[ A B C ] E F G H | J K | L
Mnber well [plate name e name _|concentration ng/uL sample volume pL solvent  |sample type organism  jcomment 514
[ 1\ |1 |1 /oo 25 25 mic DNA (lprokaryote [DNAfrom dolon feces mouse
3R \ BO1 |1 I 178 \ 22 25 ic DNA (Pprokaryote [DNAfrom golon feces mouse
43 col |1 175 13 25 ic DNA (Pprokaryote [DNAfrom dolon feces mouse
514 D01 |1 192 21 25 ic DNA (Pprokaryote [DNAfrom golon feces mouse
6 5 E01 |1 117 15 25 nic DNA (Plprokaryote |DNAfrom golon feces mouse
716 FO1 |1 29 26 25 ic DNA (Pprokaryote [DNAfrom golon feces mouse
8 |7 Go1 |1 98 25 25 ic DNA (Plprokaryote [DNAfrom dolon feces mouse
9 18 HO1 |1 99 25 25 ic DNA (Mprokaryote [DNAfrom golon feces mouse
1019 )A02 |1 261 14 25 prokaryote |DNAfrom golon feces mouse
11 J10 BO2 |1 334 1 25 blank
12 11 co2 |1 32 25 25 DNAfrom dolon feces mouse
13 12 I D02 |1 \ 216 I 28 25 DNAfrom dolon feces mouse
\i4 13/ [ro2 [ \|26s / 33 25 DNAfrom dolon feces mouse
Fo2 |1 R/ 1 25 blank
16 |15 G02 |1 252 35 25 DNAfrom dolon feces mouse
17 |16 HO2 |1 158 19 25 DNAfrom golon feces mouse
18 |17 JAO3 |1 185 23 25 DNAfrom golon feces mouse
19 18 BO3 |1 30 25 25 DNAfrom dolon feces mouse
20 |19 co3 |1 190 14 25 DNAfrom golon feces mouse
21 |20 D03 |1 180 22 25 DNAfrom dolon feces mouse
22 |21 E03 |1 273 25 25 DNAfrom dolon feces mouse
23 22 FO3 |1 316 25 25 EB (Tris:HOlg IDNAfeces monkey
24 123 GO3 |1 56 25 25 EB (Tris-H?|g DNAfrom dolon feces mouse
25 |24 HO3 |1 179 35 25 DNAfrom dolon feces mouse
26 |25 |A04 |1 23 25 25 DNAfrom dolon feces mouse
27 |26 B04 |1 239 19 25 DNAfrom dolon feces mouse
28 |27 co4 |1 181 10 25 DNAfrom dolon feces mouse
29 28 D04 |1 197 12 25 DNAfrom golon feces mouse
30 |29 E04 |1 296 25 25 DNAfrom dolon feces mouse
31 |30 FO4 |1 223 31 25 DNAfrom golon feces mouse
32 31 Go4 |1 76 25 25 DNAfrom dolon feces mouse
33 32 HO4 |1 103 25 25 EB (Tris-He|g DNAfrom dolon feces mouse
34 |33 JAOS |1 120 31 25 EB (Tris-H DNAfrom golon feces mouse
35 34 BO5 |1 215 21 25 EB (Tris-H¢|genomi DNAfrom dolon feces mouse
36 |35 co5 |1 335 i 25 EB (Tris-H¢|other blank
37 |36 DO5 |1 130 36 25 EB (Tris-H¢| i DNAfrom dolon feces mouse
38 |37 E05 |1 303 19 25 DNAfrom dolon feces mouse
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2. Base Calling & 3. Demultiplexing

210414_M04304_0255_000000000-JLPPK
File Edit View Go Bookmarks Help

‘ - ‘ > ‘ 4+ ] Je(ts/CNO_ZeusPrasad/Inmming/Z10414_M043Dd_uZSS_ODDDDOOOO-JLPPKﬂ ‘ Jd|a ‘

Config InstrumentAnalyti InterOp Logs Recipe
csLogs

ABC ABC ABC ABC ABC

Thumbnail_ Basecalling_ i i i i

Images Netcopy_ Netcopy_ Netcopy_ Netcopy_ Netcopy_

complete.txt complete_Read... complete_Read... complete_Read... complete_Read...
ABC ABC ABC ABC
< <7 = =
CompletedJobinf  CopyCompl QR i i i

complete.txt

oxml unstatisticsxml Netcopy_ Netcopy_ Netcopy_
complete_Read...

complete_Read...

ABC ‘ ABC

ABC ABC ABC | ‘ ‘ | \
i 2 in 210414 M04304_0255_000000000-. JLPPK Properties @

< <

RunCompletionst Runinfo.xml

Modified:  Fri 28 May 2021

Free space: 3,0 PB

Name: ”210414 M04304_0255_0000000C

Location:  /media/jlu/vol/j...!
atus.xml Volume:  jlab

ImageAnalysis_ ImageAnalysis_  Queu T e J leckDetail.
Netcopy_ Netcopy_ - =
complete_Read... complete_Read...

Prasad/Incoming

02:17:12 PM CEST

Help

| Close |

bcl2fastqg

File Edit View Go Bookmarks Help

Demux —_—

S

" crarcreanisecr

S N Sl e Sl A e © s

28 items, Free space: 2,5 PB

—

demultlplexmg sheet

o
‘4-;-»‘4” i jects/CNO_ /pemux 4 | .J\O\‘
Reports Stats colon364_S20_| colon364_S20_ colon365_S17_ colon365_S17_

colon366_546_ colon366_S46_
L001_R1_001. L001_R2_001.
fasta.gz fastq.gz

colon369_S11_ colon369_S11_
L001_R1_001. L001_R2_001.
fasta.gz fastq.gz

colon372_58_ colon372_58_
L001_R1_001 L001_R2_001
fastq.gz fasta.gz

colon375_521_ colon375_S21_
L001_R1_001. LO01_R2_001.
fasta.gz fastq.gz

colon378_S24_ colon378_S24_
L001_R1_001. L001_R2_001.
fasta.gz fastq.gz

colon381 540 colon381 S40

L001_R2_001. L001_R1.001. L001_R2_001.
fasta.gz fasta.oz fasta.oz

colon367_S28_ colon367_528_ colon368_S4_ colon368_S4_
L001_R1_001. L0O01_R2_001. LO01_R1_001. L001_R2_001
fastq.gz fastq.gz fastq.gz fastq.gz

colon370_541_ colon370_541_ colon371_S6_ colon371_S6_
L001_R1_001. L001_R2_001. LO01_R1_001. L001_R2_001.
fasta.gz fastq.gz fastq.gz fasta.gz

colon373_526_ colon373_S26_
L001_R1_001. LO01_R2_001.
fasta.gz fastq.gz fasta.gz fasta.gz

colon374_S22_ colon374_S22_

colon376_S18_ colon376_S18_ colon377_S52_ colon377_S52_
LO01_R1_001. L001_R2_001. LO01_R1_001.

fasta.gz fastq.gz fasta.gz fastq.gz

colon379_S5_ colon379_S5_ colon380_S36_ colon380_S36_
LO01_R1_001. L001_R2_001. L001_R1_001. L001_R2_001.
fastq.gz fasta.gz fasta.gz fasta.gz

colon382 S27 colon382 S27 colon383 S13 colon383 S13.

‘ | "colon364_520_L001_R1_001.fastq.gz" selected (35,6 MB), Free space: 2,5 PB

—
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Content

Scope vV
Base Calling ¢/
Demultiplexing ¢/ =

Quality Control
Adapter Trimming, Clipping
"OTU" picking

o U A WwNR

7. Data Normalization

a. Contamination Removal

b. verylow abundant "OTU" removal
c. Rarefaction
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4. Quality Control
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Quality assessment of raw sequence data

e How many sequences did we obtain?
e How well did DNA extraction/library prep/sequencing work?
e What preprocessing steps should be performed?
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@FastQC Report IRC R | |AB

Summary

@Basic P @Basic Statistics

Value

@Per base sequence quality

Filename ERR599011 1.fastq.gz
ePer tile sequence quality File type Conventional base calls
@Per T — Encoding Sanger / Illumina 1.9
Total Sequences 33118603
FastQC @Perba—seseqw Sequences flagged as poor quality ©
@Per sequence GC content Sequence length 30-101
%SGC 35

@Per base N content

» analyzes FASTQfle  gZriiiiiiiy

o Creates graphical @Overreoresented seguences @Per base sequence quality
report

e does NOT modify the

data

@Adapter Content Quality scores across all bases (Sanger / lllumina 1.9 encoding)
HHREAREHEHEHE

g

28
26
24
22
20
18
16
14
12
10

Produced by FastQC (version 0.11.9)
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Quality control

Quality scores across all bases (lllumina 1.5 encoding}) Quality scores across all bases (lllumina 1.5 encoding)
38
34
st HETHE TR R LHEILAE I
o [ T i T i [ [ il T 8]
32 I
o L]
32 29 = L]
30 48 b il
= | |
28 26 T o
26 24 |
24 22 g 5 1 ST
\\_
22 20 H I
20 18
18 16
16
14
14
12
12
10
10
3 8
6 6
4 4
2 2 - - 7
0 o]
123456780910 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 12345678910 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40
Position in read (bp} Position in read (bp}

good not so good
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100

S0

80

70

60

50

40

30

20

10

Sequence content across all bases

YT
%C

%G

HE ez

1 23456789 1519 30-34 45-49 60-64 75-79 90-94 105-109 120-124 135-139 150-15:

Position in read (bp)

FastQC: Nucleotide distribution across all reads

e expected to be uniform for (meta)genomes
e non-uniform distribution for amplicons, (meta)transcriptomes
e some noise at 5'/3’ ends to be expected

October 8" 2024
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Log2 Obs/Exp

CGTCGTT
ey
coccorr

2 GCGACGT
20

FastQC:

Overrepresented kmers

e sequencing adapter?
e barcode? 10

. . | J
lﬁ/\@q@ AARAER Qﬂw@%

23456786 1519 30-34 45-49 60-64 75-79 90-84 105-109 120-124 135-139
Position in read (bp}
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Content

Scope vV

Base Calling ¢/
Demultiplexing ¢/ =
Quality Control v/ =
Adapter Trimming, Clipping
"OTU" picking

o U A WwNR

7. Data Normalization

a. Contamination Removal

b. verylow abundant "OTU" removal
c. Rarefaction
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5. Adapter Trimming, Clipping
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Surface of flow cell
coated with a lawn
of oligo pairs

[

g
$
$
)

\cccscscoce
freccceccee

feceecceee

Kcececcecce

ccccce " brecceeeeectyccrcce

§
¢
{cececccccs

ke
[Um—

X

cececeee

Adapter
sequence

P5

3 B

T Target

lllumina
Forward
Index In the middle of ~ Forward
Forward lllumina Tgrget
Primer

Adapter/Primer

P7

| J

!

lllumina
Reverse Reverse
Target Index In the middle of
Primer Reverse lllumina
Adapter/Primer

R1 — R1 reds in the 5' direction of the top strand
5 7

R1 will be in the will find the sequences in
orientation of the the output files which will
top strand also have the illumina

adapters trimmed off

R1 o - T - -

Forward

R2reds inthe 5

This is the orientation you

Primer I

direction of the bottom strand

R2 will be in the
orientation and
direction of the
bottom strand

Compare R1 to R2 to get R1
overlap and stitch if
possible

_—

R2 will have to be reverse

R2 |WNCHS] MENCHGHTMANAL o complemented ioputin
the same orientation of R1

Reverse
Primer

Check for agreement at
overlap

L
oo oo o

Stitch together to get final
sequences

https://seekdeep.brown.edu/images/Default%20Diagram.jpg

cb.jlug.de
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ideal

Reference

artifical seq. adapter

V4

16S Read
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low quality region
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. V4 .
B Reference | -
© S LT T
5 —
- 0 REal
artifical seq. adapter low quality region
. V4 .
Reference | '
.é\ e orerrrr rrerrrrnd L rrrrd
s 16S Read

artifical seq. adapter low quality region
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Preprocessing: Goals

remove technical artefacts: sequencing adapters, barcodes, ..
trim low-quality sequences

discard short reads

remove host DNA, e.g. by mapping to corresponding
reference genome

=> No need for high-end resources here, typical laptop is sufficient!
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jlIAB
Software installation / distribution not easy!

e how many users?

e central or individual maintenance?

e which operating system(s)? il

e 1 laptop or supercomputer with 100 servers?

e performance?

e dependencies!!

e effort to update software

:
'., \ —

nnnnnn -felt-sad-1075901022 https://techcrunch.s
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Preprocessing: An iterative process! j|AE

Assessment: Raw sequencing data

know your primer!

Processing: Trimming, filtering, ..

Re-assessment: Data good? How much did we lose?
Repeat?

RN~

Tools

e Lots of different options available: Trimmomatic, cutadapt, fastx-toolkit,
FastqCleaner, skewer, BbDuk, ..

e Tool performance is pretty similar, just use those you like

TrimmomaticSE data.fastg ILLUMINACLIP:adapter.fas:2:40:15
LEADING:3 TRAILING:3 SLIDINGWINDOW:4:15 MINLEN:36
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Content

Scope vV

Base Calling ¢/
Demultiplexing ¢/ =
Quality Control v/ =
Adapter Trimming, ClippingV/
"OTU" picking

o U A WwNR

7. Data Normalization

a. Contamination Removal

b. verylow abundant "OTU" removal
c. Rarefaction
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6. "OTU" picking
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OTU picking = grouping sequences by similarity jlAB

FeatureTable [Frequency]

featurel feature?2 feature3 featured featureb

SampleData [SequencesWithQuality]

el 42 0 37 99 1

4dac2.fastg(.gz) |
eu]l €375.fastg(.gz) | e375 12 1 22 88 0
GA(]
acd @HW 4gd8.fastqg(.gz)
TAC 4gd8
TCH acal QHW 9872.fastq(.gz) I g 25 3 23 86 O
+b ATG iig @HWI-6X 9267:1:1:25:1109
aba
+ TACGGAGGGTGCGAGCGTTAATCGGAATTACTGGGCGTAA
W\ GAG 9872 0 0 87 12 0
aay | AGCGTACGTAGGCGGTTAGGTAAGTCAGATGTGAAAGCCC
BBE vyl apa| CGGGCTCCACCTGGGAATGG _4<::::
ury +
@HW 3621 aaaba’'a’N '\ ‘a alzaa*"\z' [M]a' [VYa® X FeatureData[Sequence]
TAQ - ~ Z]1NZ\ 1TY\] "“RVH_ PHOWZM[PTRPTRYUBBBBBB
264 BBBBBBBBBBBBBBBBBBBB >feature>
GGG GACGAAGGTGACGACCGTTGCTCGGAATCACTGGGCATAAAGCGCGCGTAGGTG
i GCTTGGTAAGTCCATGGTGAAATCCCTCGGCTCAACCGAGGAACTG
aadal
Ja | >feature4
~zX TACGTAGGGGGCAAGCGTTATCCGGATTTACTGGGTGTAAAGGGAGCGTAGACG
GATGGACAAGTCTGATGTGAAAGGCTGGGGCTCAACCCCGGGACGG
>feature?2
TACGTATGGGGCAAGCGTTATCCGGAATTATTGGGCGTAAAGAGTGCGTAGGTG
GTGGCTTAAGCGCAGGGTTTAAGGCAATGGCTTAACTATTGTTCTC
>featurel

GACGGAGGATGCAAGTGTTATCCGGAATCACTGGGCGTAAAGCGTCTGTAGGTG
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FeatureTable [Frequency] .
elecien eleichn j|/\§3

OTU1 OTU2

GGCGAGCGTT

GGCGAGCGTT 4ac2 100 79
GGCGAGCGTT 90% OTU Clustering

GGCGAGCGTT P | 375 88 35
GGCGAGCGTT

GGCGAGCGTT 4gds 86 51
GGCGAGCGTT

GGCGAGCGTT 9872 12 87
GGCGAGCGTT

GGCGAGCGET

FeatureTable[Frequency]

GG
GG

GCGTT
GCGTT ASV1 ASV2 ASV3 ASV4 ASV5

e GCGTT Denoised Sequence Variants
GGAGBGCGTT  ("Almostlike” 100% OTU | 42 10 37 |99 |1
GGACGGCETT Clustering)

CGACGGCHTT P | o375 12 1 22 88 0

GG GCATT
i 498 25 3 23 |8 |0

GG GCTGT
GG GCTGT

9872 0 0 87 12 0
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What normally happens during sequencing?

- .

True sequences After Sequencing
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Cleaning and manipulating raw sequences

® Clustering
o Remove noisy sequences and reduce the amount of sequences to process

o Works based on a given threshold, i.e. 97% similarity but others exist like
Oligotyping

o There are different methods (closed or open reference) and algorithms
(sortmerna, vclust)

® Remove noise
o Find the cleanest sequence
o Correct and/or discard super noisy sequences
o Examples are: DADA2 and Deblur
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Clustering methods ideal situation

De-novo clustering Closed reference OTU assignment
- 1 I
27770 1 I
¢ \\ i }
/ \ : i
=TS [ ] I HER 3F
¢ AR 1
4 \ / i
l 1 [ ‘£ -—— . = -'L————lL——p--—
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DADA2

sample amplicon reads OTUs
sequences , -, .
/ \
O | !
| I
o \ /
A S = 74 - N
/ \
I \
| ]
\ /
\ /
~ -_ -
Errors Make OTUs
DADA2
h

Callahan, et al. Nature Methods, 2016
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Deblur

sample amplicon reads deblurred
sequences
© o
O ROE
[
&O
&
0®o
O

Errors Deblur

Amir, et al. mSystems, 2017
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Content

Scope vV

Base Calling ¢/
Demultiplexing ¢/ =
Quality Control v/ =
Adapter Trimming, Clipping ¢/
"OTU" picking ¢/

o U A WwNR

7. Data Normalization

a. Contamination Removal

b. verylow abundant "OTU" removal
c. Rarefaction
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7. Data Normalization

a. Contamination Removal
b. very low abundant "OTU" removal
c. Rarefaction
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7a. Contamination Removal

2 Ina second endosymbiotic
event, a descendant
consumed photosynthetic
bacteria that evolved into
chloroplasts.

=3 @

Photosynthetic =~ Modern photosynthetic

Nucleus bacterium eukaryote

1 In afirst endosymbiotic event, Aerobic Mitochondrion

the ancestral eukaryote bacterium
consumed aerobic bacteria

that evolved into mitochondria. Modern heterotrophic

eukaryote

https://www.pngfind.com/download/hTbiJox_drawing-cell-endoplasmic-reticulum-endosymbiotic-theory-flowchart-hd/

October 8" 2024
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7a. Contamination Removal
mouse gut microbiome

mmm all reads
100000 Il filtered reads

80000
60000
40000
20000
0 5 10 15 20 25 30

absolute read counts

o

40 45 60 65 80 85
weeks

antibiotic
treatment

apply (lambda lineage: 'c__ Chloroplast' in lineage or 'f mitochondria' in lineage)

NFDI4Microbiota workshop page 63 Stefan.Janssen@cb.jlug.de October 8" 2024



7b. very low abundant "OTU" removal

106 4
@ 10° - amplicon reads
B ]
S 103-3 o { ]
S O &
T 102 4 ®
Qv 1
10?4
] ! Y N
100 4
3 T T T T T T .
0 6429 20000 40000 60000 80000
features
counts = counts|[counts.sum(axis="'features') >= 10]
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7c¢ Rarefaction

sl

absolute counts

o ¢ o ®
. ‘ 10 -
9
@& 8] 8
7

s2
. 6
©0%g 0 @0 0° :
® @ p
‘. ® 3
0: © ” :
1
‘ 0
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7c¢ Rarefaction

sl s3

. relative abundance
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relative abundance
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iIAB
7c Rarefaction: Size of net = rarefaction depth =5

(rarefied) relative abundance
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7c Rarefaction: depth

Read count distribution across samples How many of the 161 samples do we loose? Captured dNerSlty
160 - 60 1 M- —
14 - —
140 50 |
120 -
» 100 - g 407
P w =
a g 80 2
E ] 230
v o zl
#* * 60 o
a
20
40
20 10
0
0 = T T T T T T T T T T T T T T
0 10,00020,00030,00040,00050,00060,00070,000 0 5000 10,000 15,000 20,000 25,000 30,000 35,000 0 5,000 10,000 15,000 20,000 25,000 30,000 35,000
read counts _ i . rarefaction depth rarefaction depth

trade off
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# samples

7c Rarefaction: depth

Read count distribution across samples

14

# samples

D B
0 10,00020,00030,00040,00050,00060,00070,000
read counts .

How many of the 161 samples do we loose?

captured diversity

25 A

PD_whole_tree

1
body_site
foot
- forearm
- forehead

trade off

0 5,000 10,000 15,000 20,000 25,000 30,000 35,0 0 5,000 10,000 15,000 20,000 25,000 30,000 35,000
rarefaction depth rarefaction depth
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Summary

Scope vV

Base Calling ¢/ bcl2fastqg
Demultiplexing ¥/ bcl2fastqg =~
Quality Control ¢/ fastp —
Adapter Trimming, Clipping ¢/ fastp

"OTU" picking ¢/ DADA2/Deblur viaQiime?2.org

o U A WwNR

7. Data Normalization v/
a. Contamination Removal ¢ taxonomic assignments -> later l
b. verylow abundant "OTU" ¢ removal pandas

c. Rarefaction ¥/ Qiime2.org

NFDI4Microbiota workshop page 72 Stefan.Janssen@cb.jlug.de



Tuesday, Oct 8th Wednesday, Oct 9th Thursday, Oct 10th

10:00-10:30 QIIME2 and Qiita JIAB

10:30-11:00

11:00-11:30 Welcome & Intro

AEORPXO  From raw data to feature tables Coffee Break (~15min) Coffee Break (~15min)

12:00-12:30

12:30-13:00 Lunch Break Lunch break and Closing
remarks

13:00-13:30

Lunch Break

13:30-14:00

14:00-14:30 Sequence quality control

14:30-15:00 Coffee Break Coffee Break

15:00-15:30 Diversity Calculation

15:30-16:00

16:00-16:30
NFDI4Microbiota workshop
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JHaaS

® Please login to https://jhaas.gi.denbi.de/ and request access to

https://jhaas.gi.denbi.de/participation/participate/metagenomics2024

e Wait until you are verified!
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Hands-On Quality Control
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Short JupyterHub Introduction |

File Edit View Run Kernel Tabs Settings Help

* c 2 Launcher ot

(0}

]
(=) | 2
-/ [E] Notebook
.— || Name - Last Modified
~ | m pata 2 days ago ? P
B8 fastqc_results 31 minutes ago
* @8 lost+found 1 hour ago i
™ multiqc_dat 27 minut letisat fcon 20245 oteboo erne
- H multigc_data minutes ago ipykernel amplicon-; g N t b k_K |
F I I e Ove rVI eW E multigc_report.... 27 minutes ago
! Console
Python 3 qiime2-
(ipykernel) amplicon-2024.5
.
omer | T€rminal
\ J Terminal Text File Markdown File Python File Show
Contextual Help
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Fastqc and Multigc Hands-On |

1: Download and unzip the data
wget -gO-
http://minio-seed-s3-storage:9000/metagenomics2024/compressed metagenomics.t

ar.gz | tar xvz

2: Create Folder for Fastqc Results
mkdir fastgc results

3: Activate conda environment

source /opt/conda/bin/activate && conda activate qualitycontrol
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Fastqc and Multigc Hands-On |l

4: Run fastgc on sequence data

fastgqc -o fastgc results/
Data/sequence data/pax/study raw data 11758 092524-041740/per sample FASTQ/6

7800/*.fastg.gz

6: Run Multiqc there

multigc fastqgc results/.

7: Look for multiqc_report.html file, download it, open in your Browser
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Login and Account for Qiita

For tomorrow’s Hands-On session, please create an account at https://qiita.ucsd.edu

redbiom Qiimp Help~ Software~ More Info~ Email l Password Signin Reset Password Sign up

Qiita Spots Patterns

Qiita (canonically pronounced cheetah) is an entirely open-source microbial study management platform. It allows users to keep
track of multiple studies with multiple ‘omics data. Additionally, Qiita is capable of supporting multiple analytical pipelines through a
3rd-party plugin system, allowing the user to have a single entry point for all of their analyses.

Qiita provides database and compute resources to the global community, alleviating the technical burdens that are typically limiting for
researchers studying microbial ecology (e.g. familiarity with the command line or access to compute power).

Qiita’s platform allows for quick reanalysis of the datasets that have been deposited using the lat
means that Qiita’s internal datasets are living data that is periodically re-annotated according to curre|

For more information about how to use Qiita, visit the documentation. Don’t forg et to Confl rm your e-mall add reSS'

Note that you should be logged into the system to access any studies and files available.

Thank you for using Qilta. Citing Qiita?.
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