r¢
fTECATGCATAECATLLAT
SCATGCATGCATGCATGCAAT
sCATECATGCATGCATGCATGCATL
GCCTGATGCATGCATGCATGCATGCATL
-ATGCATGCATGCATGCATGCAGTTGCATG
‘TGCATGCATGCATGCATGCATGCATGC
GCATGCATGCATGCATGCATGCATGCA
CATGCATGCATGCATGCATGCATGCA’
TGCATGCATGCATGGCATGCH
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i Sample Quality Control
@ Library Quality Control
a Run Quality Control

= Sequencing Quality Control

g Outlier Control

3 19.06.20 | GDA20 | JCW



Genetic

Diversity

Centre

Zurich

19.06.20 | GDA20 | JCW

SN\
~

v\ L)

//:/)AAA
A\ L 5

TN N

A

NGS D> QC



NGS > QC

Run Folder: ‘

121019_SN700304R_0494_AHO4N2ADXX

Analysis | Imaging | Summary | Tile Status | TruSeq Controls |

Status
Extracted: 302

Flowcell Chart

Intensity

!

Top Surface

Cycle 1

Base A

Fix
Scale

Called: 302

HO4N2ADXX Intensity
Top Surface Cycle 1 Base A

Scored: 302

5300

5200

Data By Cycle

‘/\>> QScore Distribution

5100

5000

4900

)

HO4N2ADXX All Lanes Bot Surf. Read2 All Cycles

Q Score

HO4N2ADXX All Lanes Both Surfaces All Lanes
W o A
All Lanes 8000 Bot Surface
W v
Both Surfaces g 6000 Read2
W £ s I A
g
All Bases & 4000 All Cycles
: .
000 v
Fix . Fix
Scale 1000 Scale
700 700 300
Cycle
Data By Lane (> ) Qscore Heatmap
Density HO4N2ADXX Both Surfaces All Lanes

Both Surfaces 800

W

Density (K/mm2)
$ 5888

1 ==

!

Both Surfaces

!

HO4N2ADXX All Lanes Both Surfaces

40

30

Q Score

10

% of max

80

ys>31uny
3J3u3d)
Altsuaniq
>133usy
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> QC

4 Tlumina Sequencing Analysis Viewer 1.8.37 - 151204_M03930_0010_000000000-AK6GL

Run Folder:  D:\lllumina\MiSeqgAnalysis\151204_M03930_0010_000000000-AK6GL

 Analysis | Imaging | Summary | Tile Status | TruSeq Controls | Indexing |

Cycle All

v

=N R ™5

Lane All

v

Surface Both

v

Swath All

v

B srat o) (18 B V|t
Index Lane Tile Section | Cycle Surface Swath Time P30 A
12/04/201..

2 1 1101 1 2 Top 1 12/04/201... 369
3 1 1101 1 3 Top 1 12/04/201... 378
4 1 1101 1 4 Top 1 12/04/201... 382
5 1 1101 1 5 Top 1 12/04/201... 375
6 1 1101 1 6 Top 1 12/04/201... 381
7 1 1101 1 7 Top 1 12/04/201... 392
8 1 1101 1 8 Top 1 12/04/201... 381
9 1 1101 1 9 Top 1 12/04/201... 406
10 1 1101 1 10 Top 1 12/04/201... 396
11 1 1101 1 11 Top 1 12/04/201... 404
12 1 1101 1 12 Top 1 12/04/201... 399
13 1 1101 1 13 Top 1 12/04/201... 400
14 1 1101 1 14 Top 1 12/04/201... 402
15 1 1101 1 15 Top 1 12/04/201... 412
16 1 1101 1 16 Top 1 12/04/201... 426
17 A 1101 1 17 Top 1 12/04/201... 423

= ]
Rows=14504 |Disp=14504 [Sel=1 [Fitter

ystunz
3J3u3d)
A3Tsuaniq
>133usy
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NGS > QC GOC

ys>31uny
3J3u3d)
Altsuaniq
>133usy

Cluster Density: 1017 K/mm2 (Optimal 1200-1400 k/mm2)
Reads Total: 27.69 M (goal 30 M)

Reads PF: 21.60 M

PhiX Conc: 2.03 % (loaded 2%)

%>=0Q30: Total 63.06% (should be at least 70%)

- The density of clusters for each tile (in thousands per mm2) and the number of clusters for
each tile (in millions).

- Total yield is the number of bases generated in the run.

- The calculated error rate, as determined by a spiked in PhiX control sample if available and it
refers to the percentage of bases called incorrectly at any one cycle.

- The total fraction of passing filter reads (PF) assigned to an index.

- % Q-score >= Q30 (percentage of bases that have a Q-score above or equal to 30; Q30 is a
probability of incorrect base calling of 1 in 1000).

- The signal to noise ratio is calculated as mean called intensity divided by standard deviation
of non-called intensities. Not calculated for NextSeq two-channel sequencing or HiSeq X.

- The percentage of molecules in a cluster for which sequencing falls behind (phasing) or jumps
ahead (prephasing) the current cycle within a read.
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) FaStq (Fasta with Quality - lllumina)
) Bam (PacBio)

» FastDO Hors-onm




00O J O U1 & WD

10

> QC GOC

Sequence Data Format: Fasta (>)

ystdnz
3J3u3d)
Altsuaniq
>133usy

Start Unique Sequence Header

Y999847.1 BY999847 Moon Jellyfish cDNA library Aurelia aurita cDNA

clone Aa plW 142145 H14, mRNA sequence

AAAATACCGCATGATTGTTCGTTTCACAAACAAAGATATAGCTTGCCAGATAGCGTATGCCAGATTGCAA
GGAGATGTGATCATTTGTGCAGCTTATGCTCATGAACTCCCAAGATATGGTGTCAAGGTCGGGTTGACCA
ACTATGCAGCTGCTTATTGCACTGGCCTCTTGCTCGCAAGAAGGCTCCTTTCAAAATTGAAATTGGCTGA
CACTTACAAAGGTTGTGAAGAAGTGAATGGTGATGAATACCTTGTGGAAGGAGAGGAGGGACAGCCTGGA
CCTTTCCGTTGTTACCTTGATATTGGCCTTGCCAGAACCTCAACTGGTGCCAAGATCTTTGGTGCATTGA
AAGGTGCAGTTGATGGTGGACTTGACATCCCACACAGCAACACGAGATTCCCTGGTTATGACAATGAAGC

AAAGGAATTTGACCCAGAGGTGCACAGACAACACA..

\ Sequence (nucleotide or protein)

File Suffix: sequence(s).fa, sequence(s).fasta

Special cases: sequences.mfa (multiple - aligned - sequences)
sequences.afa (aligned sequences)

19.06.20 | GDA20 | JCW



NGS > QC GOC

Sequence Data Format: Fastq (@)

ystdnz
3J3u3d)
Altsuaniq
>133usy

Sequence (Read) Header

Start / Nucleotide Sequence (A, C, G, T, N) +Sequence ID

/

I ST486:166:CO06KI9ALCXX:7:1101:1443:1995 1:N:0:ACAGTG
— GCCCAGCGTGGGCGAGCCGCACGGCACCATCCTCTGGCACACCCTCTCCTC

-+
— BCCFFFFDFHHHFJJJJJJJIIJJJJIJITJJGIHHHHHHFFFDDDEDDDC

Nrows =4

ASCIIl encoded quality scores per base

File Suffix: reads.fq, reads.fastq
Special cases: read_R[12].fg (> paired reads)
read_I[12].fqg (> index)

11 19.06.20 | GDA20 | JCW



NGS > QC GOC

Current Fastg Header Format (version > 1.8)

d

ys>31uny
3J3u3d)
Altsuaniq
>133usy

Sequence Header +Sequence 1D

b C d e f g hij K

dEWI-ST486}[166]c06KIACKK }[7]:1101]:1443}1995] [1]:N:[0]{acacTc]

12

/T‘.—'-.—':rLQ.—h_rD QO 0 o9

. unique instrument name

run id
flowcell id

. flowcell lane

tile number within the flowcell lane
x-coordinate of the cluster within the tile

. y-coordinate of the cluster within the tile
. the member of a pair, 1 or 2 (paired-end or mate-pair reads only)

Y if the read fails filter (read is bad), N otherwise (read passed filter)
0 when no control bits are on

. index sequence

19.06.20 | GDA20 | JCW
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> QC GOC

N M o ()]

AjTsuant

Older Fastg Header Format ¢ )

a b ¢ d e f g
@HWUSI-EAS100R:6/:73:941:1973#0/1

a. unigue instrument name

b. flowcell lane

c. tile number within the flowcell lane

d. x-coordinate of the cluster within the tile

e. y-coordinate of the cluster within the tile

f. index number for a multiplexed sample (O for no indexing)

g. the member of a pair, /1 or /2 (paired-end or mate-pair reads only)
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> QC

Model 377
ABI A Yersion 3.0
Semib daptive . B}
Yersion 3.0 Lane 6 Points 1105 to 14760 Base 1: 1105 Spacing: 13 81{1331}
NTTHRCTTTTGEOE5 CTRTAGGNTCT TGHRAR CRONGGNGT TRGRAG TGARRRCMG TG T TAACAARAT TRAT CAGTAT TAT TGART CATT THRAC MAGATGATTATAATCCTTAC TA TFGTHTTGHi
40 S0 5] 70 20 an 100 110 120 12

10 20 a0 l o
|M 'M@l!ﬁ S ot e badeait el 111’1'&5.;93#“. .al;.uluu.lu.,L

RHAARNAAG HARATHAG CARAN G ATGAAMAACAAT T CTCARG CAACA TATRATG GT TTAGARCHCCARAT TRARAGT TTRAFARTCARTAATTARCTTRTTTGATTTTHACH TTRCTAR TTTRTCAAT T
140 150 160 170 180 190 Z00 210 Z20 230 2z 250

et eleoatun et W ih_; N O

TGATGCAAT CTATARA TCTTAARTGATGART TAA TTAARAARAT TTCARAARG CTAART TCRCARA TTRATGA TGT TGTGAT TRAARART TRARCARRC CATTTTRTCARA TTT TRARARCAAATTTRTTTRTT
260 270 220 290 300 310 220 330 240 350 360 270 380

I e T T

I'HF!G TRCTTCATTRAACATT RARAGAGT TTRATA TTGAAT TAAA TAATGARARACGAT CCAA TRRARRARAGC TAAT COAATTHRAACCAT TCARGAAG TCTTARARARGTTATGARARAGGAT TTATT
2a0 400 410 420 420 440 450 460 470 480 490 S00

Pl e et itarpliinn s fonao e Rothanenel bdaoe U i t‘.al.l. f ‘ :

TTTARA TRCTRARAT TRAT TTRRARC TTGCT CCARACGAAG TAT TRR CAGTAAA TRAT CTTGARRARA TTGAT T TRACA TAT GC TT CTGAT T 0GC TGIH MAAA CCACARGAA ﬂHHTCGZTTHTTTF&
=10 220 220 240 350 560 570 sen 290 600 e10 20 630

1

ettt PR e s M o and e AN e L

GAHT TRA HTARTRAHTTCRAGAAA GAGAAT T TRGCARAG AR C TTGAARA TCT TAGMNG NIRGAGTTTTTACTRTCATTGHTNARARAC TTTATATT COCAARRGON TRFHONHT TIHATTTONHTONAA
60l 650 alall 670 680 690 700 710

720 73RO0 740 30 760

15

GOC

ystdnz
3J3u3d)
Altsuaniq
>133usy
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NGS D> QC
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- n

Sequencing (phred) quality scores (Q) measure

1

the probability (P) that a base is called
incorrectly.
position 1] 2 & 4
nucleotide A C G T
quality score (@) 0 0 2L 21

https://www.phrap.com/phred/

16
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Sequencing quality scores (Q) measure the
probability (P) that a base is called incorrectly.

position ]_ 2 5 4:
nucleotide _A. C G T
quality score (@) @0 20 22 21

-0
P=10" =107 =0.01
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NGS > QC GOC

N m o ()]
C 2] - (2]

Sequencing quality scores (Q) measure the
probability (P) that a base is called incorrectly.

position 1 2 S 4
nucleotide A C G’ T
quality score (@) &0 20 22 21

probability (P) 0.01 0.01 0.006 0.008

accuracy 0.99 0.99 0.994 0.992
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NGS > QC GOC

N m o ()]
C 2] - (2]

ct
<

Sequencing quality scores (Q) measure the
probability (P) that a base is called incorrectly.

Base-Calling Error Probability
—9
P=10"

Phred Quality Score

Q0 =-10log,, P
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Sequencing quality scores (Q) measure the
probability (P) that a base is called incorrectly.

position 1] 2 & 4
nucleotide _A. C G T
quality score (@) &0 0 22 21
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NGS [> QC GOC

N m o ()]
m . m

One character encoding!

1 2 3 4 1234 1234 1234
A CG T ACGT or ACGT or ACGT
20 20 22 21 aach + 4 k0 FIPIOID

20-a 20+ 20-+&
21-Db 21" 21 -+@
22C DDk 22+

21 19.06.20 | GDA20 | JCW



> QC GOC

ystdnz
3J3u3d)
Altsuaniq
>133usy

ASCII TABLE

Decimal Hex Char Decimal Hex Char |Decimal Hex Char |[Decimal Hex Char
0 0 [NULL] 32 20 [SPACE] | 64 40 @ 96 60 :
1 1 [START OF HEADING] 33 21 ! 65 41 A 97 61 2
2 2 [START OF TEXT] 34 22 " 66 42 B 98 62 b
3 3 [END OF TEXT] 35 23 # 67 43 C 99 63 c
4 4 [END OF TRANSMISSION] | 36 24 $ 68 44 D 100 64 d
5 5 [ENQUIRY] 37 25 % 69 45 E 101 65 e
6 6 [ACKNOWLEDGE] 38 26 & 70 46 F 102 66 f
7 7 [BELL) 39 27 - 71 47 G 103 67 g
8 8 [BACKSPACE] 40 28 ( 72 48 H 104 68 h
9 9 [HORIZONTAL TAB] 41 29 ) 73 49 i 105 69 i
10 A [LINE FEED] 42 2A % 74 4A ) 106 6A  j
11 B [VERTICAL TAB] 43 2B + 75 4B K 107 6B k
12 C [FORM FEED] 44 2C ) 76 4C L 108 6C [
13 D [CARRIAGE RETURN] 45 2D - 77 4D M 109 6D m
14 E [SHIFT OUT] 46 2E . 78 4E N 110 6E n
15 F [SHIFT IN] 47 2F / 79 4F o 111 6F o
16 10 [DATA LINK ESCAPE] 48 30 0 80 50 P 112 70 P
17 11 [DEVICE CONTROL 1] 49 31 1 81 51 Q 113 71 q
18 12 [DEVICE CONTROL 2] 50 32 2 82 52 R 114 72 r
19 13 [DEVICE CONTROL 3j 51 33 3 83 53 S 115 73 s
20 14 [DEVICE CONTROL 4] 52 34 4 84 54 T 116 74 t
21 15 [NEGATIVE ACKNOWLEDGE] | 53 35 5 85 55 U 117 75 u
22 16  [SYNCHRONOUS IDLE] 54 36 6 86 56 Y/ 118 76 v
23 17  [ENG OF TRANS. BLOCK] 55 37 7 87 57 w 119 77 w
24 18  [CANCEL] 56 38 8 88 58 X 120 78 X
25 19  [END OF MEDIUM] 57 39 9 89 59 Y 121 79 y
26 1A [SUBSTITUTE] 58 3A : 90 5A Z 122 IA 2
27 1B [ESCAPE] 59 3B ; 91 5B [ 123 7B {
28 1C [FILE SEPARATOR] 60 3C < 92 5C \ 124 7C |
29 1D  [GROUP SEPARATOR] 61 3D = 93 5D 1 125 7D}
30 1E  [RECORD SEPARATOR] 62 3E > 94 5E ~ 126 7E ~
31 1F [UNIT SEPARATOR] 63 3F ? 95 5F _ 127 7F [DEL]
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NGS D> QC

GOC

N m o ()]

Ajtsuant

0*2 = ASCII

Decimal Hex Char

32
33
34
35
36
37
38
39
40
41
42
43
4
45
46

( —

25

20
21
22
23
24
25
26
27
28
29
2A
2B
2C
2D
2E

[SPACE]
|

=
$

%
&

- + WK o~ -

ASCII

2

position 1 2 3 4

nucleotide A C G T

quality score@ 20 20 22 21

Ascll 40 40 44 42

char endcoding ( ( : *
—0

=0 —»> P=10" =102 =001
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NGS D> QC

26

Illumina Quality Encoding (version > 1.8)

Decimal Hex Char |Decimal Hex Char
32 20 [SPACE] | 64 40 @
33 21 ! 65 41 A
34 22 " 66 42 B
35 23 # 67 43 C
36 24 $ 68 44 D
37 25 % 69 45 E
38 26 & 70 46 F
39 27 : 71 47 G
40 28 ( 72 48 H
41 29 ) 73 49 1
42 2 % 74 an )
43 2B + 75 4B K
44 2C ) 76 4C L
45 2D - 77 4D M
46 2E . 78 4E N
47 2F / 79 4F o
48 30 0 80 50 P
49 31 1 81 51 Q
50 32 2 82 52 R
51 33 3 83 53 S
52 34 a4 84 54 T
53 35 5 85 55 U
54 36 6 86 56 v
55 37 7 87 57 w
56 38 8 88 58 X
57 39 9 89 59 Y
58 3A : 90 5A y 4
59 3B ; 91 58 [
60 3C < 92 5C \
61 3D = 93 50 ]
62 3E > 94 5E ~
63 3F ? 95 5F

O+33=ASCII

GOC

ystdnz
3J3u3d)
Altsuaniq
>133usy
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NGS D> QC

GOC

ys>31uny
3J3u3d)
Altsuaniq
>133usy

SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS . cceccccccccnscscnscsacsscssasscnsssscssassssssnsnssnss

cessssssssesssssssssssssssssss IITTTTT YT I I YT YT T T T TITT T I Y. .cccccccccccccncnnanns

.................................J.

J. L.l L‘T .J. L.l L) .J. L.l L) .J. L.l L) .J. L.l L) .J. L.I L) .J. L.I L) .J. L.I LJ .J. L.I LJ .J. L.I L‘] .J. ‘..[ L‘] »J. ‘..[ L‘] »J. ‘..[ L I I L R R B B D D R N D N N D N R R R I )

..LLLLLLLLLLLLLLL L L L L L L L L L L L L L L L L L L L L L L L L e e s c e s s s e s e scsccscsescssssssssssnsscssssssssssssnsscsssssss
L"#$%&" ()*+,-./0123456789: ;<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ([\]" ~abcdefghijklmnopgrstuvwxyz{ |}~

- Sanger Phred+33,
Solexa Solexa+64,
- Illumina 1.3+ Phred+64,

Illumina 1.5+ Phred+64,

- X W
I

,.
|

with O=unused, l=unused,

raw reads typically (0, 40)
raw reads typically (=5, 40)
raw reads typically (0, 40)

raw reads typically (3, 40)

2=Read Segment Quality Control

(Note: See discussion above).

L = Illumina 1.8+ Phred+33,

27

raw reads typically (0, 41)

Indicator

126

[ DO1Q)
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28

> QC

Encoding | ASCII \ Q P

! 33 0 1.00000
. 34 1 0.79433
# 35 2 0.63096
$ 36 3 0.50119
% 37 4 0.39811
& 38 5 0.31623
39 6 0.25119

( 40 7 0.19953
) 41 8 0.15849
* 42 9 0.12589
+ 43 10 0.10000
44 11 0.07943

- 45 12 0.06310
: 46 13 0.05012
/ 47 14 0.03981
0 48 15 0.03162
1 49 16 0.02512
2 50 17 0.01995
3 51 18 0.01585
4 52 19 0.01259
5 53 20 0.01000
6 54 21 0.00794
7 55 22 0.00631
8 56 23 0.00501
9 57 24 0.00398
: 58 25 0.00316
; 59 26 0.00251
< 60 27 0.00200
S 61 28 0.00158
> 62 29 0.00126
? 63 30 0.00100
@ 64 31 0.00079
A 65 32 0.00063
B 66 33 0.00050
C 67 34 0.00040
D 68 35 0.00032
E 69 36 0.00025
F 70 37 0.00020
G 71 38 0.00016
H 72 39 0.00013
I 73 40 0.00010
J 74 41 0.00008

Phred Quality Score

Q0 =-10log,, P

Base-Calling Error Probability

—0

P=1010

Q P Accuracy
10 1in 10 90%
20 1in 100 99%
30 11in 1,000 99.9%
40 1in 10,000 99.99%

GOC

ystdnz
3J3u3d)
Altsuaniq
>133usy
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> QC

## R - Function

# ascii character > decimal wvalue

asc <- function(x) {
strtoi(charToRaw(x),16L)

}

asc("!")

# decimal value > ascii character

chr <- function(n) {
rawToChar(as.raw(n))

}
chr("33")

GOC

ystdnz
3J3u3d)
Altsuaniq
>133usy
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30

Phred Score

40
36
32 1
28 -
24 1

20

16 1
12 1

Phred Scores per Base

GOC

N m o ()]

AjTsuant

AACGTCGGTCACGTCACGTTNGCACCGTCAA
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31

> QC

Quality scores across all bases (Sanger / Illumina 1.9 encoding)

]
| 1T 17 T
N
1 T T
L+ ﬁh_—_‘“—‘——u___h
d’ﬂ‘_,_,- ~.'—--._,_...,,__h_--h-\
/ ‘H-_.____\_h-\-
--...__“_\“N
~\¢/ ]
~—{_ |
||
""-\.,_\_‘\
|
e
4 5 6 8 9  15-19 25-29 35-39 45-49 55-59 65-69 75-79 85-89 95-99

Position in read (bp)

GOC

ystunz
3J3u3d)
A3Tsuaniq
>133usy

Boxplot

25%

25%

Median

25%

25%
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GOC

ystdnz
3J3u3d)
Altsuaniq
>133usy

Quality scores across all bases (Sanger / lllumina 1.9 encoding)

S L T T __

| TaE— <0.1%

L - 1%

[
/
rror Probability

10%

>10%

6 7 8 9 15-19 25-29 35-39 45-49 55-59 65-69 75-79 85-89 95-99
Position in read (bp)

Note: Color code is arbitrary!
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> QC GOC

ystdnz
3J3u3d)
Altsuaniq
>133usy

Quality scores across all bases (Sanger / Illumina 1.9 encoding)

_=IIIIIII—|__II
I || I | IIIII

30
28
26
24
22
20
18
16
14
12
10

(=

T Inpsmpn
[ ] Position #100: Q = 30

P=101 =0.001

Accuracy = 0.999

N, =107 = 10,000

15-19 25-29 35-39 45-49 55-59 65-69 75-79 85-89 95-99
Position in read (bp)

1 2 3 4 5 6 7 8 9
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NGS > QC GOC

N m o ()]

Ajtsuant

error rate:

0.05 03 =0.135
1

5 (25%) error free reads
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40
38
36
34
32
30
28
26
24
22
20
18
16
14
12

o N BB OO

> QC

GOC

ystdnz
3J3u3d)
A3Tsuaniq
>133usy

Error rate increases along the length of the read.

Quality scores across all bases (Sanger / lllumina 1.9 encoding)

S 17 T __

4« Median: 29

4« Mean: 20

1 2 3 4 5 6 7 8 9

15-19 25-29 35-39 45-49 55-59 65-69 75-79 85-89 95-99
Position in read (bp)
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NGS D> QC

39

Symmetrical Distribution

mean = median = mode

Mode
Media%

Mean——»

]

mean < median
skewed to the left
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N m o ()]

Ajtsuant

% Q-score >= Q30 (percentage of bases that have a Q-score above or
equal to 30; Q30 is a probability of incorrect base calling of 1 in 1000).

Q30 = 30 (mean phred score)
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Q20 - 150nt

99% Accuracy / 1% Error Rate
15 Mio Reads - 1% = 15,000 Errors per Site
0.99150 5 22% Error Free Reads
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GOC

N M [~ ()]
[ 2] - ]
B] 3 < 3
Ll cr 2] (1)
n R 35 ot
> m 7] [ h

e n

ct

<

For Better or Worse

Quality scores across ol bases (Sanger / flumina 1.9 encoding)

B

Quaity scores across sl bases (Sanger / fluming 1.9 encoding)

i {0

s 5 8N BELEEES

seggs

315 17 19 21 23 25 27 20 31 33 3% 7 ¥ 4 4 S v 8
Position in read (bp)

Nreads = 2.5Mio
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Error Correction
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Read quality
Number of reads (coverage)

Phred score
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Schirmer et al. BMC Bioinformatics (2016) 17:125

DOI 10.1186/512859-016-0976-y BMC BioinformatiCS

lllumina error profiles: resolving fine-scale @
variation in metagenomic sequencing data

Melanie Schirmer'24", Rosalinda D'’Amore?, Umer Z. ljaz*, Neil Hall® and Christopher Quince®

Abstract
Background: Illumina’s sequencing platforms are currently the most utilised sequencing systems worldwide. The technology

has rapidly evolved over recent years and provides high throughput at low costs with increasing read-lengths and true paired-
end reads. However, data from any sequencing technology contains noise and our understanding of the peculiarities and
sequencing errors encountered in Illumina data has lagged behind this rapid development.

Results: Weconductedasystematicinvestigationoferrorsandbiasesinllluminadatabasedonthelargestcollection of in vitro
metagenomic data sets to date. We evaluated the Genome Analyzer II, HiSeq and MiSeq and tested state-of-the-art low input
library preparation methods. Analysing in vitro metagenomic sequencing data allowed us to determine biases directly associated
with the actual sequencing process. The position- and nucleotide-specific analysis revealed a substantial bias related to motifs
(3mers preceding errors) ending in “"GG”. On average the top three motifs were linked to 16 % of all substitution errors.
Furthermore, a preferential incorporation of ddGTPs was recorded. We hypothesise that all of these biases are related to the
engineered polymerase and ddNTPs which are intrinsic to any sequencing-by-synthesis method. We show that quality-score-
based error removal strategies can on average remove 69 % of the substitution errors - however, the motif-bias remains.
Conclusion: Single-nucleotide polymorphism changes in bacterial genomes can cause significant changes in phenotype,
including antibiotic resistance and virulence, detecting them within metagenomes is therefore vital. Current error removal
techniques are not desighed to target the peculiarities encountered in Illumina sequencing data and other sequencing-by-
synthesis methods, causing biases to persist and potentially affect any conclusions drawn from the data. In order to develop
effective diagnostic and therapeutic approaches we need to be able to identify systematic sequencing errors and distinguish

these errors from true genetic variation.
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Substitutions

Ermor Rates for Substitutions in R1 Reads Error Rates for Substitutions in R2 Reads
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N m o ()]
. [y m (=8 m
lllumina S-S
n R 35 ot
> m (7] e
L a0
Average substitution rates g
Platform R1/R2 A [0 G T
GAll R1 0.0015 0.0010 0.0008 0.0018
GAll R2 0.0035 0.0029 0.0019 0.0026
HiSeq R1 0.0004 0.0004 0.0004 0.0008
O 5 % HiSeq R2 0.0007 0.0007 0.0007 0.0012
MiSeq R1 0.0012 0.0009 0.0009 0.0012
MiSeq R2 0.0033 0.0021 0.0015 0.0031

<0.005%
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Error Rate 10-15%

BAM = FASTQ
BAM = CCS.FASTX
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Circular Consensus Sequences (CCS)

Start with high-quality
double stranded DNA

Ligate SMRTbell
adapters and size select

Anneal primers and
bind DNA polymerase
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Circularized DNA
is sequenced in
repeated passes

The polymerase reads
are trimmed of adapters
to yield subreads

Consensus is called
from subreads
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Why does it not improve anymore?

70 -

Q50

Q50 =» p=1e-05 =» 40 x coverage

40 -

Quality
(Single or Multi-molecule)

% .'Q30
{/ Q30 = p:#’le—OB =» 12 x coverage

|
|
|
|
v v

5 P’ P % 50 100 120
Coverage
-0
P=101
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JNANOPORE

template template
complement complement
2D 1D?

Error rate (Proportion of overall error) (%)

Mappable length (bp)

Read
fEs Mean Median 3:?::;: Maximum | Overall

Insertion Deletion Mismatch

PacBioCCS 1772 1464 1132 8006 0.087 (5.06) 0.34(19.48) 1.30 (75.46)
PacBio 1570 1299 1076 16040 592 (41.71) 3.01(21.17) 5.27 (37.12)
subread

ONT 2D 1861 1754 882 9126 3.12(23.30) 4.79(35.70) 5.50 (40.99)
ONT 1D 1695 1602 824 9345
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MITOCHONDRIAL DNA PART B: RESOURCES Tavlor & F .
2019, VOL. 4, NO. 1, 408-409 e aylor & Francis
Taylor & Francis Group

https://doi.org/10.1080/23802359.2018.1547133

ARTlCLE 8 OPEN ACCESS '.) Checkforupdates‘

Long-read sequencing of benthophilinae mitochondrial genomes reveals the
origins of round goby mitogenome re-arrangements

Silvia Gutnik?, Jean-Claude Walser® and Irene Adrian-Kalchhauser®

*Biozentrum, Department Growth & Development, University of Basel, Basel, Switzerland; "Genetic Diversity Centre Zurich, ETH Zurich,
Zurich, Switzerland;*Program Man-Society-Environment, Department of Environmental Sciences, University of Basel, Basel, Switzerland
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Origin of the re-arranged tRNA cluster Gin, lle,
Met. Most Gobiidae carry the arrangement lle,
GlIn, Met without spacers. Benthophilinae
(subfamily of gobies) however carry the
arrangement Glin, lle, Met, and feature variable
length spacers between the genes.
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FastQC

(http://www.biocinformatics.babraham.ac.uk/projects/fastqc/)
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FASTX-Toolkit

(http://hannonlab.cshl.edu/fastx_toolkit/)

USEARCH

(https://www.drive5.com/usearch/)

PRINSEQ

(http://edwards.sdsu.edu/cgi-bin/prinseq/prinseq.cgi)

Galaxy

(http://galaxyproject.org)

Rqc

(https://bioconductor.org/packages/release/bioc/vignettes/Rqc/inst/doc/Rqc.html)

CLC Genomic Workbench

(http://www.clcbio.com/products/clc-genomics-workbench/)

Geneious
(http://www.geneious.com/)
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